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Introduction

ike it or not, we live in an increasingly digi-
tal world. Many of my generation can still
remember, with some nostalgia, winding up
the clockwork mechanism of a post-war ra-
diogram housed in its polished mahogany
case, then inserting a fresh needle into the
pick-up arm, before placing Eddie Calvert’s
78 rpm bakelite rendering of Oh Mein Papa
carefully on the turntable. Who among us then, as we lis-
tened to the crackly strains of Eddie’s golden trumpet, could
have imagined today’s roller-blading teenager listening
through micro-earphones to Oasis on a CD Walkman clipped
to the waistband of their Levi’'s, while en route to a cyber
cafe for a session surfing the Internet!

From the arrival in the shops of the first clunky dig-
ital calculators, the pace at which digital technology has
permeated every corner of our society has been astonish-
ing. Hard on the heels of the calculator came the digital
watch and then something which had a keyboard, like a
typewriter, could plug into a TV set and came complete
with plug-in cartridges featuring games like Paddle Ball and
Brick in the Wall. From what small acorns do mighty oak trees
grow! It is probably not putting it too strongly to say that
what seemed then like little more than a novelty gadget sig-
nalled the beginning of a new phase in mankind’s evolution
- an Information Revolution which would be as far reaching
in its social and economic consequences as the Industrial
Revolution before it. From industry to the financial markets,
from education to the media, from health care to military
defence and space travel — the list of areas being fundamen-
tally altered is endless.

The power of today’s desktop computer is already awe-
some by comparison with the earliest IBM and Apple
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Digital Colour in Graphic Design

machines and the pace of development continues unabated.
Steady growth of the market for hardware is attracting an
increasing number of application developers able to offer ever
more sophisticated programs, including CAD, 3D modelling,
animation and videoediting which, until only a few years
ago, would have required investment in an expensive
workstation far beyond the means of the average user.

We live in a highly visual world. Most of what we do is
supplemented by graphics and images to help convey mean-
ing. An earlier book by the author — Digital Graphic Design —
was conceived as a DIY guide to the rich array of resources
now available to the digital designer and to the use of these
resources to create a wide range of graphic effects. Over 300
black and white graphics created with the use of leading edge
drawing, painting, photoediting and three-dimensional ap-
plications were demonstrated and explained in a mono-
chrome environment. Digital Colour in Graphic Design is a
DIY guide to the creation of an even wider range of dra-
matic graphic effects and introduces the additional dimen-
sion of colour.

From the earliest origins of graphic design, the impor-
tance of colour in the effective communication of a message
or an idea - to add emphasis or to clarify complexity — was
intuitively recognised. More recently, research has shown
that, as well as simply attracting more attention, the correct
use of colour leads to higher viewer retention of the graphic
message.

The objective of Digital Colour in Graphic Design is to
\/ use a suite of complementary applications, both vector and

bitmap, to demonstrate the evolving potential of digital de-
sign. Part 1 deals with the basic principles underlying the
use of colour on the desktop, including colour models and
the ways in which devices like scanners, monitors and print-
ers handle colour. System calibration methods are covered,
as are the many fascinating colour processing features of the
leading desktop drawing, painting and 3D applications. The
steps to be taken to ensure that an image created on the
screen can be successfully converted to printed copy are also
explained. Part 2 then expands on the techniques covered in
Digital Graphic Design, showing how the use of colour greatly
extends the range of opportunities for the graphic designer.
Advanced techniques are explained using a wide range of
examples. Any suggestions on how the contents could be
further improved would be welcome ~

Ken Pender
(kpender@vrv493k.demon.co.uk)
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Digital Colour in Graphic Design

The Earth is constantly bombarded
by electromagnetic radiation, but
much of this radiation - including
some visible light - is filtered out by
the atmosphere before it reaches the
Earth’s surface

n the beginning, as the Earth formed 4.5 billion
years ago from the condensation of a cloud of pri-
mordial cosmic dust and gas, its surface was ini-
tially bitterly cold and dark. As the dust slowly
settled and swirling gases began to form a primi-
tive atmosphere, the first glimmer of light broke
% through the gloom to illuminate a landscape torn
by earthquakes and volcanoes and ravaged by
fierce electrical storms. And then there was light,
as the Bible says. Since then, the Earth has -
been illuminated by light from the Sun by
day, when it reaches the Earth’s surface di-
rectly, and by night when it arrives cour-
tesy of reflection from the surface of the
Moon. According to scientists, we can expect
to continue to enjoy the Sun’s generous bounty for several
billions of years to come, or until we render the planet unin-
habitable — whichever comes sooner!
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Visible light is only a small part of the electromagnetic
radiation which originates from the Sun, from our own gal-
axy and from more distant galaxies, subjecting the Earth to
continuous bombardment. The electromagnetic spectrum ex-
tends from gamma and X-rays through ultraviolet radiation,
visible light, infrared radiation, microwaves, and radio waves.

Radio longwave =~ AM  FM Microwaves IR/Visible/UV X-rays Gamma rays
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'Light, sight and colour

While the Sun appears yellow to us on Earth, a simple

rainbow demonstrates, by refracting sunshine through rain N e =
water droplets, that the light emitted consists of a continu- §

ous spectrum of colours ranging from violet to red. Closer {k

scientific investigation, using a prism instead of water drop- N

lets and a spectrophotometer instead of the human eye, shows
that the spectrum actually extends con-

into the infrared at the other extreme.
Such measurements show that the col-
ours to which our eyes are sensitive have
wavelengths in the range of about 300 nm
to 750 nm (1 nanometre, or nm, equals
one billionth of a metre). Like other forms
of electromagnetic radiation, visible light

The visiblespectrum  can e characterised in terms of its wave-
length and amplitude. The wavelength determines its hue —

what the human eye perceives as its colour, e.g. as op-
posed to , while the amplitude denotes the brightness of
the colour. .-"'!\\ i

As its spectral distribution curve shows, the reason that
the Sun appears yellow is that the intensity of light radiated /
by its surface gases is a maximum at wavelengths near 500 r %43
nm, in the yellow part of the spectrum. The Earth’s atmos- '
phere - the gaseous envelope which surrounds the solid body
of the planet — acts as a filter to the Sun’s radiation, the ozone
layer fortunately absorbing much of the harmful ultraviolet
radiation, while water vapour absorbs some radiation in the
infrared region and at several parts of the visible region. High
levels of atmospheric pollution in the vicinity of industrial
areas can also reduce the quality of light reaching the Earth’s

500nm )

Relative intensity

..

\

N

surface. Wavelength

Light passing through a uniform medium, like space
or the Earth’s atmosphere, travels in straight lines. This
is not the case, however, when it passes, at an angle,
from one medium to another with a different
refractive index, as in the air to prism example
mentioned already, or in the common case of
light passing from water to air —an example well
known to the spear fishermen of ancient civili-
sations who went hungry until they learned to )7

\'-\

A

Wavelength

.\

tinuously beyond the visible colours into ;
the ultraviolet at one extreme and blends ~_«

Amplitude

aim their spears ‘off target’. The Sun is also suf-
ficiently distant from the Earth — 149 591 000 km —

5]




Digital Colour in Graphic Design

Examples of the use of directional lighting

that its rays can be considered to be parallel on arrival and of
equal intensity over short, terrestrial distances. The same, of
course, is not true of room lights — an example of a class of
lights called ‘omnilights” — which emit light radially in all
directions, with an intensity which falls off with the square
of the distance between light source and object illuminated.
Dramatic effects can be created in graphics using light from
simulated spotlights, which are directional and of variable
intensity.

When light strikes the surface of an object, part of the
light is turned back from the surface by reflection. The re-
mainder of the light is transmitted into (absorption) or
through the material (transmission). If the surface of the ob-
ject is smooth, then the angle of reflection equals the angle of
incidence (specular reflection). If the surface is rough, the
reflected light goes off in all directions (diffuse reflection).

Shade and shadow can be thought of as the inverse of
light. The surface of an object which is turned away from
direct light, receiving only light reflected from other surfaces,
is said to be shaded. A shadow occurs when an
opaque object prevents light from reaching a sur-
face which would otherwise be illuminated. In the
real world, objects are illuminated by direct sun-
light, by light reflected from neighbouring objects
and by light scattered from dust and other parti-
cles present in the atmosphere, producing complex
results which are not easy to predict. The summa-
tion of all these sources of background lighting is
commonly called ‘ambient’ light. Before creating
graphics which attempt to simulate real life lighted
scenes, a careful study of photographs can be a
source of useful guidance.

Light’s electromagnetic waves can ‘interfere’
with each other in the'same way as do the ripples from two
stones thrown into a pond. When two ripples are in phase
they interfere additively, reinforcing each other; when,they
are out ofphas‘.e, theginterfere destructively, cancelling each
other out. It phenomenon which is responsible for the
colours seen’il soap bubbles. The light waves whichureflect
off the infier stieface of the bubble’s soap fil interfere with
light waves of the same wavelength which're off the outer
surface of the film. Some of the wavelengths‘interfere con-
structively, so that their colours appear bright, while others
interfere destructively, so that their colours are not seen. The
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Light, sight and colour

same effect causes the colours seen in films of oil on the sur-
face of water. In graphic design, incorrect alignment of the
halftone screens used for printing the four process colours
can cause undesirable interference between the reflected col-
ours — the moiré effect — but the interference principle can
also be exploited positively by overlaying coloured grids to
produce interesting effects.

Light sources and the artist

As life took hold and evolved on Earth, our earliest cave-
dwelling ancestors apparently discovered that fire, as well as
offering some deterrent to passing predators, provided
enough light to paint by, albeit a flickering reddish light, as
the spectral output from the relatively low temperature of a
wood fire peaks in the red part of the spectrum. Centuries
later, artists and sculptors worked by the light of torches made
from dried rushes or resinous wood, oil lamps and then can-
dles (beeswax candles were used in Egypt and Crete as early
as 3000 BC). The term ‘candlepower’ was coined to provide a
benchmark against which to measure the ability of other
sources to give off light and was based on the light emitted
by a standard candle. It was not until the early nineteenth
century that gas was used to provide street, factory and then
domestic lighting, with its characteristic blue glow. The first
gas burners were simple iron or brass pipes with perforated
tips, but development of the gas mantle, impregnated with
cerium and thorium compounds, which became incandescent
when heated by the gas flame, produced a much whiter light.

In 1879, Thomas Edison developed a successful carbon
filament lamp which evolved into the ubiquitous light bulb,
employing a tungsten alloy filament heated to an incandes-
cent 3000 °C. Although operating at a lower temperature than
the Sun (the wavelengths emitted by the Sun are close to those
of the radiation emitted by a heated source - called a black
body source — at a temperature of 5500 °C), the light bulb emits
wavelengths across the whole visible spectrum. Today, of
course, the common light bulb is being replaced more and
more by lighting based on gas discharge technology. Many
football matches are now watched in the blue/white light cast
by clusters of high intensity arc lights, while motorway inter-
changes are illuminated by the rather sickly yellow/orange
glow of sodium lights. As well as its lower running costs,
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Digital Colour in Graphic Design

The measurement of temperature is
based on a theoretical substance
called a black body which, when
heated, radiates colour from red at
low temperature to violet at high
temperature. The measurement
scale is in degrees Kelvin (K). A 60-
watt incandescent light bulb is
measured at about 2800 K, a white
fluorescent lamp at 4400 K, and
midday sunlight is about 5500 K.

fluorescent lighting is generally whiter than that of ordinary
light bulbs, as its equivalent black body temperature of
4100 °C is closer to that of the Sun. The interiors of fluores-
cent lamps are coated with phosphors which glow when ex-
cited by cathode rays. The phosphors absorb the invisible but
intense ultraviolet components of the primary light source
and emit visible light. In fact, if the chemicals in the interior
phosphor coating are varied, different light tones — such as
the ‘plant light” which mimics sunlight — can be produced.
Best known to the public through spectacular ‘light
shows’, the relatively recently discovered laser (light ampli-
fication by stimulated emission of radiation) is a device which
amplifies light and produces coherent light beams
(beams with a single wavelength), ranging from
infrared to ultraviolet. Laser light can be made
extremely intense and highly directional.
The interior lighting conditions expe-
rienced (endured is perhaps a more accu-
rate description) by artists over the centu-
ries is reflected in the sombre, even
gloomy, nature of much of their work, but
their appreciation of the nature and im-
portance of light is also evident in exam-
ples such as Gustave Doré’s Opium Smok-
ing and, of course, in the work of artists
like Constable and Turner who produced
remarkable works depicting the effects of
light and atmosphere. For Claude Monet,
the prime exponent of Impressionism, the
world was composed not of objects but of a
dazzling display of light reflected from those
objects, while Georges Seurat even attempted to
render scientifically the impressionist perception of light
with the use of small dabs or dots of paint in the style

which became known as Pointillism. Those who have
visited Provence, in the south of France, will also un-
derstand why the extraordinary interaction between
light and landscape in that region had a compelling at-
traction for the Impressionists.

The discovery of the photographic process was to
prove an important milestone in the understanding and
application of light in the design process, directly influ-
encing the work of artists like Degas, who painted sub-
jects in movement, as though captured by a camera lens.

8



Light, sight and colour

Photographers quickly discovered how the manipulation of
the lights used to illuminate a scene could dramatically alter
the appearance of the final image. As the technology evolved,
the mobility of the camera also allowed the photographer to
explore and capture conditions of light and shade which were
denied to his fellow artists.

Sight
Theeye

Eyes are as varied as the animals which possess them.
The eyes of the myriad species which inhabit the planet vary
from simple structures capable only of differentiating between
light and dark, to complex organs, such as those of humans
and other mammals, which can distinguish minute variations
of shape, colour, brightness, and distance.

Human vision has the widest colour gamut, that is the
widest range of visible colour. It also has the widest dynamic
range, capable of discerning gradation in shadow that is one
millionth the brightness of the highlights in the field of view.

The psychology of visual perception

Sight — perhaps the most miraculous of the senses,
which we sadly tend to take for granted —is a process which
in fact takes place in the brain, not in the eye. The amount P o T
of light entering the eye is controlled by the pupil, which Vs s
has the ability to dilate and contract. The cornea and lens,
the shape of which is adjusted by the ciliary body, focus 7
the light on to the retina, where receptors convert it into £ .}
nerve signals which pass to the brain. The function of the
eye, therefore, is to translate the electromagnetic vibrations
of light into packets of nerve impulses which are transmitted
to the brain for interpretation. The retina consists of approxi-

9
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Structure of the human eye

mately 130 million light-sensitive cells, which are
either cone shaped or rod shaped. The cone-shaped cells re-
spond to colour, and it is believed that the cones are distrib-
uted evenly to react to one of the red, green, or blue light
primaries. As a sensation experienced by humans and some
animals, perception of the colour of the light wavelengths so
received is a complex neurophysiological process. Among
mammals, only humans, primates, and a few other species
can recognise colours.

Perceptual psychologists believe that, once the nerve
impulses have been received and an object has been perceived
as an identifiable entity, it tends to be seen as a stable object
having permanent characteristics, despite variations in its il-
lumination, the position from which it is viewed, or the dis-
tance at which it appears. Thus, an individual viewing a new
scene interprets it by synthesising past experience with sen-
sory cues present in the new scene — using depth cues such
as linear perspective, partial concealment of a far object by a
near one or the presence of aerial perspective ‘haze’. Fortu-

nately for the graphic designer, how-
ever, the brain can be deceived! Indeed,
i this deception is the very basis of much

graphic design. For example, it is be-
cause the brain is conditioned to asso-
ciate the converging lines and shaded faces of a building with
its three-dimensional depth, that, by drawing the building
using converging lines and shaded surfaces on a two-dimen-
sional surface, we trick the brain into seeing the drawing as

having three dimensions.
Such illusions are of great practical importance in envi-

ronmental and architectural design and in the theatre, as a
means of creating a sense of depth and space in a confined
area. The concept has also been carried over to the design of
the desktop PC GUI (Graphic User Interface) where subtle
shading of buttons on a flat computer screen creates a pow-
erful 3D illusion — which is further reinforced when we click
the button and the shading alters in the way that our brain is
conditioned to expect. To learn more about graphic illusion,
the reader is advised to study the work of the Dutch graphic
artist Maurits Corneille Escher (1898-1972) who devoted his
life to the creation of an intriguing world of impossible per-
spectives, optical paradoxes and visual puns.

Illusions are believed to result from the erroneous ap-
plication of learned depth or colour cues and can occur in

10



+ Light, sight and colour

nature. I remember well, during a cycling holiday in Ayrshire
in Scotland, coming across a famous (but unknown to me)
stretch of road called the Heely Brae. As all my senses told me
that the road was on a downward incline, I sat back in the
saddle, expecting to freewheel down the slope. Instead, I
found that I quickly came to a stop and had to resume pedal-
ling in order to reach the bottom! The illusion was created by
an unusual relationship between the contours of the adjoin-
ing hills and hedgerows.

Iltusions are also common in colour perception, nota-
bly in the phenomenon called ‘simultaneous contrast’, in
which the appearance of a particular area of colour is greatly
altered by changes in its surroundings. This effect is of prac-
tical importance in fashion and textile design as well as in
graphic design. The relationship of text colour to background
colour is also important to ensure legibility. The colour of
ambient lighting can also have a significant effect on the way
we perceive colour; many readers will have experienced the
mysterious change in colour undergone by a sweater wrapped
under the fluorescent lights of a store and later unwrapped
in daylight!

As individuals, not only do we vary in our description
of colour, but our perception of colour is influenced by expe-
riences, memory, and even, research tells us, by the use of
hallucinogenic drugs. Research has also shown that certain
colours and types of lighting can effect us subliminally. We
describe some colours as ‘slimming’ and some lighting as ‘flat-
tering’. We are apparently soothed by a green environment
and excited by red, but feel welcomed by a combination of
red and yellow, as patrons of MacDonald’s will know.

For average members of the population, differences in
how we perceive colours don’t seriously affect our lives. In
some members of the population, however, defects in the
retina or in other nerve portions of the eye can cause colour
blindness. Dichromatism - partial colour blindness — is mani-
fested by the inability to differentiate between the reds and
the greens or to perceive either reds or greens. Dichroma-
tism is a hereditary condition which affects as many as seven
percent of the male population, but a much lower per-
centage of females. In the realm of commercial printing, dif-
ferences in colour perception may determine the success or
failure of a print job. Being aware of how different factors
influence colour perception and determine the appearance
of printed colours will maximise the probability of success.

11
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Cone of vision

Stereoscopy and the cone of vision

The fact that nature endowed us with two eyes, which
are separated by a few centimetres, means that the objects
we view appear slightly different to each eye; this effect pro-
vides a sense of depth and can be used, in graphic design, to
produce stereoscopic three-dimensional images on a two-
dimensional surface.

Experimentation has shown that, if we view a scene with
the eyes at rest, then our field of view is defined by a cone -
our ‘cone of vision” — of angle approximately 60°. This field of
view can be thought of as analogous to that seen through the

viewfinder of a camera. A camera’s angle of view — the

amount of the field that the lens will ‘see’ — depends
on the lens’s focal length. The field of a camera lens
may be as small as 15° or as large as 140°. A standard
lens covers around 60°, a wide-angle lens 90° and a
telephoto lens 30°. A wide-angle lens forms an im-
age with a wide field of view, but causes the scene

to appear smaller and more distant than it actu-
ally is. Such a lens could be used, for example, to
take a close-up of a tall building, but would intro-
duce considerable distortion, especially at the

edges of the picture. A wide-angle photograph of
a person with hands reaching out would make the hands

appear disproportionately large. Therefore, when creating
graphics depicting objects or scenes as they would normally
appear in perspective in the real world, it is important to en-
sure that the objects or scenes fall within the 60° cone unless
the objective of the graphic is to create effects similar to those

“produced by special camera lenses such as the wide-angle or

tisheye lenses.

Perspective

As children grow up, observing and interacting with
their surroundings, the rules of perspective are learned in-
tuitively, helping the children to understand the world
around them. Those of them who choose to become graphic
designers, however, need to learn how to translate these
three-dimensional rules on to a two-dimensional surface, if
convincing results are to be achieved.

12
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Rule 1 Convergence

As parallel lines recede into the distance, they appear to
converge at a constant rate.

Rule 2 Foreshortening

Equally spaced objects appear to become closer together,
at a constant rate, as the distance from the observer
increases.

Rule 3 Diminution

Equal sized objects appear to become smaller, ata

constant rate, as the distance from the observer increases.

In addition to being
aware of these three rules,
the designer of three-dimen-
sional scenes must allow for
aerial perspective — whereby
atmospheric effects cause
distant objects to appear
fainter than objects close to
the viewer.
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Colour

Colour is, of course, simply the way we describe light
of different wavelengths. When we see colour, we are really
seeing light. When we look around us, the light which enters
our eyes does so in three ways - directly, e.g. from a light
source such as the Sun or a light bulb, indirectly, by reflec-
tion from any smooth reflective surface, or by transmission
through a transparent material, such as coloured glass. When
we look at an object, the colour it appears to have depends
on which wavelengths of the light falling on it are absorbed,
reflected or transmitted. A yellow flower is yellow because it
reflects yellow light and absorbs other wavelengths. The red
glass of a stained glass window is red because it transmits
red light and absorbs other wavelengths. The process by
which we perceive the colours of natural objects around us
can therefore be described as a “subtractive’ process.
Subtractive, because the objects ‘subtract’ certain wavelengths
from the white light falling upon them before reflecting and/
or transmitting the wavelengths which determine their col-
our. The colours we see when we look at an original old mas-
ter depend on the optical properties of the pigments used to
produce the original paint employed by the artist and on how
these properties may have altered over the centuries since
the work was created.

Some of the earliest cave drawings were created using
charcoal from burnt sticks mixed with a natural binder such
as animal fat, fish glue or the sap from plants, or using natu-
ral chalks — white calcium carbonate, red iron oxide or black
carboniferous shale. The first ‘paint’ used by the earliest cave
painters was a crude rust-coloured paste made from ground-
up iron oxide mixed with a binder.

Colour was introduced to early three-dimensional works
of art by applying coloured pieces of glass, stone, ceramics,
marble, terracotta, mother-of-pearl, and enamels. Although
mosaic decoration was mainly confined to floors, walls and
ceilings, its use extended to sculptures, panels, and other
objects. Tesserae — shaped pieces in the form of small cubes —
were embedded in plaster, cement, or putty to hold them in
place.

By the time of the Ancient Egyptians, the artist’s pal-
ette of colours had expanded to include pigments predomi-

14



Light, sight and colour

nantly made from mineral ores — azurite (blue), malachite
(green), orpiment and realgar (yellow), cinnabar (red), blue
frit and white lead. Additional pearly or pastel-like colours
offered by gouache — a form of watercolour which uses
opaque pigments rather than the usual transparent water-
colour pigments — were also developed by the Egyptians. The
wall paintings of ancient Egypt and the Mycenaean period
in Greece are believed to have been executed in tempera - a
method of painting in which the pigments were carried in a
medium of egg yolk. The Romans added to the palette the
blue-purple organic pigment indigo, extracted from the In-
digo plant, as well as Tyrian purple and the green copper ox-
ide, verdigris. Many years later, the thirteenth century saw
the introduction of lead tin yellow, madder (red), ultra-
marine (blue green) and vermilion (red).

In contrast to the older water-based media, such as
fresco, tempera and watercolour, oil paints, developed in
Europe in the late Middle Ages, consist of pigments ground
up in an oil which dries on exposure to air. The oil is usually
linseed but may be poppy or walnut. In the late eighteenth
century the Industrial Revolution boosted the palette with
chromes, cadmiums and cobalts, but it was not until the fol-
lowing century that paint consisting of prepared mixtures of
pigments and binders became commercially available on a
wide scale.

In parallel with the gradual evolution of the types and
colours of paint available to the artist, inks used for printing
also evolved. Lampblack — a black pigment produced by the
incomplete burning of hydrocarbons — was in use in
China as early as AD 400. '

For many centuries, black was the accepted
colour for woodblock printing, with decorative colour |
being added by quill pen. Early letterpress printing
used inks composed of varnish, linseed oil, and car- |
bon black. In the eighteenth century the first coloured
inks were developed and in the nineteenth century a
wide variety of pigments were developed for use in the manu-
facture of these inks. Manufacture of modern printing inks is
a complicated process often using chemically produced rather
than natural pigments and containing as many as fifteen sepa-
rate ingredients, including modifiers or additives and dryers
which control appearance, durability and drying time.
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Simple colour models

Although the spectrum contains a continuous range of
visible colours, it can be broken down into three colour ‘re-
gions’ — red (and its neighbouring colours), green and its
neighbours, and blue and its neighbours - each region repre-
senting one-third of the visible spectrum. Conversely, when
colours within these same three regions are projected on top
of one another, white light is recreated. Early optical experi-
ments also showed that if only two of the three regions over-
lapped, a totally different colour was created — red and green
producing yellow; red and blue producing magenta; green
and blue producing cyan. Because the red, green and blue
combine to produce white light, they became known as ad-
ditive primaries. Because the yellow, magenta and cyan were
formed by taking away, or subtracting, one of the three addi-
tive primaries, they were called subtractive primaries. The
figure below right summarises the interaction of the
subtractive primaries. The two figures are crude colour ‘mod-
els’ - methods of representing the relationship of primary
colours within the spectrum.

o

Subtractive colour mode!

Additive colour model
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The colour wheel is a more helpful model, displaying
the compositional relationships between the spectral colours.
Mixing any two of the primaries produces a ‘secondary’
colour which appears midway between them on the wheel.
Further subdivisions can be created by continuing to mix
adjacent colours. Opposite colours on the wheel are comple-
mentary; placed side to side, they produce a harmonious re-
sult, but mixed together, they effectively cancel out. A number
of pairs of pure complementary spectral colours also exist; if
mixed additively, these will produce the same sensation as
white light. Among these pairs are certain yellows and blues,
greens and blues, reds and greens, and greens and violets.

As well as describing colour in terms of the visible spec-
trum, it can be described in terms of three characteristics -
hue, lightness, and saturation. Hue is the name of the colour,
such as red or orange; lightness (sometimes called value) in-
dicates the darkness or lightness of a hue — in other words,
how close it is to black or white; saturation (also called
chroma) refers to the spectral purity of the hue, described
using terms like vividness or dullness. The figure on the right
shows a representation of the three variables. Hue is repre-
sented by angular position around the circle; saturation
increases radially from the centre of the circle outwards; light-
ness, or value, is represented by positions along the vertical
scroll bar.

Tints, shades and tones

The relationship between tints, shades and tones is best
explained by reference to the HLS model. The hue values
range from 1° to 360° — equivalent to settings on a colour wheel
- where 0° is the same as 360°. The hue values for primary
colours are red (0°), yellow (60°), green (120°), cyan (180°),
blue (240°), and magenta (300°). The standard setting for a
hue is 50% lightness and 100% saturation. If, for example,
pure red (R255, G0, B0) is highlighted in the palette, the HLS
values display hue 0°, lightness 50%, and saturation 100%.

The hue setting selects a starting colour value. Varying
the lightness value adds a percentage of white or black to the
hue. Increasing lightness adds white, producing a ‘tint’ of
the selected colour; decreasing lightness adds black, produc-
ing a ‘shade’ of the selected colour.
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Colour triangle

A pure colour has a saturation value of 100%. Decreas-
ing saturation, while keeping lightness constant, adds grey
to the colour, reducing its purity and producing a “tone” of
the colour. A continuous tone image - e.g. a colour photo-
graph - is one in which colours and shades flow continu-
ously from one to another.

The relationship between tints, shades and tones can
be summarised in a colour triangle. Tints offer the designer a
range of subtly different variations around a single colour in
one pass though an offset press, while two colour printing
extends the possible variations to shades and tones. Varying
the brightness and saturation of object surfaces within a
graphic design also provides a simple means of creating the
illusion of depth or distance ~

18
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nderstanding light and colour is at least
as important to the serious digital de-
signer as it was to his traditional coun-
terpart. It could even be considered
more important, in the sense that the
digital designer is virtually ‘painting
with the colours of light’. The diagram
below summarises the process by
which the digital designer captures the image of an object
for inclusion in a composition, works on the composition
while viewing it on a monitor screen and then outputs the
result to a printer. Understanding this colour reproduction
process, with all its limitations and conversions, is important
if unexpected and disappointing results are to be avoided.

3
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Camcorder or
digital still camera

A typical desktop system

Flatbed scanner Laser printer

Colour reproduction

Camera

A key element of many graphic projects is a photo-
graphic image captured with a conventional optical camera.
Light reflected from the object or scene passes through the
camera’s aperture and lens system and impinges on the
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surface of the light-sensitive film placed in the camera’s focal
plane. Colour film has three layers of emulsion on a cellulose
acetate base. Each of the three layers is sensitive to only one
of the primary colours red, green or blue. The emulsions are
thin, gelatinous coatings containing light-sensitive silver
halide crystals in suspension. When exposed to light, each
emulsion reacts chemically, recording areas where its particu-
lar colour appears in the scene and forming a latent image on
the film. When the film is developed, particles of metallic sil-
ver form in areas which were exposed to light and each emul-
sion releases a dye which is the complementary colour of the
light recorded - blue light releases yellow dye, green light
releases magenta dye and red light releases cyan dye. Com-
plementary colours are used because they reproduce the origi-
nal colour of the scene when the film negative is processed
to produce the final colour print or transparency. Because the
sizes of the silver halide particles in the film emulsion and
the silver particles formed during the development process
are very small, the resolution of detail in the final image is
very high. To the unaided eye, the image appears to have
continuous tone, with colours blending smoothly from one
to another. Only when the image is considerably enlarged
does the ‘graininess’ of the particles become visible.

Scanner

The principles underlying the operation of drum,
flatbed, sheet feed or hand-held scanners are essentially the
same. To use a typical flatbed scanner, the photograph or
transparency to be scanned is placed face down on the scan-
ner bed or transparency attachment and the cover is lowered
on top of it. A light source inside the scanner, running the
full width of the bed, then traverses the image. Light reflected
from the image passes via a lens and a series of mirrors on to
an array of CCD (Charge Coupled Capacitor) devices which
also span the full width of the bed. A CCD is a semiconduc-
tor chip — usually silicon — the surface of which has been
doped to make it light sensitive. The light reflected from the
source image impinges on the surface of the chips and is con-
verted into electrons in numbers proportional to the inten-
sity of the light beam. The resulting changes in voltage across
the chip are then amplified and converted to an analogue
‘picture’ of the image. In order to detect the colour informa-
tion in the image, rather than just the intensity variations,

21
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the reflected light is sampled, in turn, via red, green and blue filters, so that intensity varia-
tions are recorded separately for each of the three primary colours. After RGB separation, an
analogue to digital converter converts the analogue picture of the image to a digital one
before passing it to the PC. A black and white scanned image is considered to be only ‘1 bit’
deep because all the information (on or off, black or white, 0 or 1) to describe each of the dots
in the image can be stored in a 1-bit number (2'). A greyscale image is considered to be 8 bits
deep because to store the information to describe 256 (2°) levels of grey, 8 bits of information
must be stored for each dot. A full colour scan requires 8 bits for each of the three primary
colours red, green and blue and is therefore 24 bits deep, i.e. the scanner records 24 bits of infor-
mation for each dot (2%).

The role of the conventional scanner is likely to be taken
over increasingly by the fast evolving digital camera which
operates using the same CCD technology as the scanner, but
receives and digitises light from a scene via a conventional
optical camera ‘front end’. Digitised images are saved to an
internal disk and can be downloaded directly to a PC for
processing. Prices are still high for cameras capable of
producing high resolution images, but will undoubtedly fall
rapidly as the technology is applied to the consumer market.

Digital camera

Monitor

A colour monitor has a screen coated internally with three phosphors capable of emit-
ting red, green or blue light when excited by an electron beam. The phosphors are laid down
in bands (trinitron tubes) or patterns (shadow mask tubes). To illuminate the phosphors and
produce spots of colour, the cathode ray tube contains three electron guns — one for each of
the three phosphors. As the three electron beams track across the screen (from left to right
and top to bottom, as in a normal TV tube, they cause red, green and blue light to be emitted
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Heating filament Cathode
Deflection coils ray
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Monitor Tube construction

from phosphor dots so close together and so small that the colour seen on the screen is the
addition of light from all three dots. Instead of seeing this moving dot of coloured light,
persistence of vision deceives the viewer’s eye into seeing the coloured screen image built
up by the moving spot. To create colours such as orange or yellow, the three “primary’ col-
ours are mixed together in varying degrees by independently controlling the intensities of
the electron beams and, therefore, the intensity of the light emitted by the phosphors. As the
intensity of each beam can be varied in steps from 0 to 255, the number of possible colour
combinations for the combined spot = 256 256 256 = 16.7 million — a palette which our
artistic predecessors would have killed for!

For serious graphics work, at least a 17" — and preferably a 21" — non-interlaced monitor
is recommended. The ability of a monitor to display colours depends critically on the graph-
ics adapter card which drives it. To display graphics at an ideal working resolution of 1024 768
in 24-bit “photorealistic’ colour on a 21" monitor requires a card with 4 Mb of on-board video
memory and appropriate software drivers. For many graphic design tasks, however, an
acceptable compromise is a 17" screen operated at a resolution of 800 600 in 16-bit colour.

Desktop printers and the offset press

Colour printing systems are based on the subtractive colour model, mixing the
subtractive primaries, cyan, yellow and magenta, to produce other colours. Unfortunately,
the reflective properties of printing inks are affected by impurities and experience showed
that printing black, which should theoretically be possible by combining cyan, yellow and
magenta, produced instead a muddy brown. To overcome this, most colour printers include
black ink as a fourth ‘colour” in the print process. As well as allowing correct printing of
black, this results in improved shadow density and overall contrast. The nineteenth-century
discovery of the halftone process showed how the juxtaposition of small enough dots of
cyan, yellow, magenta and black inks could produce an image which, to the naked eye, would
appear to produce continuous tones, colours being produced not by the physical mixing of
the inks, but in the optical mixing of primary colours by the viewer’s eye. The majority of
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K

Halftone dot pattern

modern low resolution desktop printers use this principle,
laying down dots in various ‘dither” patterns to produce col-
our output ranging from crude — with the dot pattern clearly
visible - to a quality verging on photorealistic.

In the offset process, the dot pattern is created by pho-
tographing the original artwork through a halftone screen.
To separate a full colour image into yellow, magenta and cyan,
it is necessary to photograph the copy three times, through
filters which are the same colour as the additive primaries —
red, green and blue. When the copy is photographed through
the red filter, green and blue are absorbed and the red passes
through, producing a negative with a record of the red. By
making a positive of this negative we will obtain a record of
everything that is not red, or more specifically, a record of
the green and blue. The green and blue, as we have seen ear-
lier, combine to produce cyan; therefore, we have a record of
cyan. The process is repeated, using a green filter to produce
arecord of magenta and using a blue filter to produce a record
of yellow. As each filter covers one-third of the spectrum a
record of all the colours in the original copy has been cre-
ated. Finally, to improve shadow density and overall contrast,
a black separation is made by using a yellow filter. When
printed with the subtractive colours - cyan, yellow and ma-
genta — plus black, all the colours and tones of the original
are reproduced.

Please see Chapter 3 for a more detailed description of
printer types and techniques.

k]

Yellow :

Separation of image into CMYK components
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As the above summary shows, scanners and colour
monitors use a different colour model to describe colour from
that used by cameras, desktop printers and offset presses As
colours move from the original image through the camera
and transparency via the scanner to the computer screen and
then on to the desktop proofing printer and, finally, to the
printing press, they are converted from one colour model to
another several times.

Colour depth and colour modes

Colour depth, sometimes called bit depth, refers to the
maximum number of colours which can be stored in an im-
age file. A 1-bit file stores two colours (usually black and white)
and can be described as 1-bit deep since all the information
required to specify each of the dots making up the image can
be stored in a 1-bit number (0 for black or 1 for white). A 2-bit
file stores four colours, a 4-bit file stores 16 colours, an 8-bit
file stores 256 colours and a 24-bit file stores 16 million col-
ours. A greyscale image is an 8-bit file, with 254 shades of
grey plus black and white. The greater the colour depth of an
image, the more space it takes up on disk. A number of appli-
cations now use 32 bits to specify the colour of each pixel in
an image. The extra 8 bits are used to describe the transpar-
ency of the pixel in 256 steps from completely transparent to
completely opaque.

A colour mode determines the colour model (see be-
low) used to display and print compositions. The most com-
monly used modes are Greyscale, for displaying black-and-
white documents, RGB, for displaying colour documents on
the screen and for printing slides, transparencies, and RGB
colour prints, CMYK, for printing four-colour separations and
L*a*b for working with Photo CD images. Other modes are
Bitmap, and Indexed colour.

Colour mode is specified when a new painting or photo
editing process is started, but can be altered midway through
the task or when saving or exporting the finished work. If
the original image has many colours, and it is converted to a
lower colour depth (e.g. 24-bit RGB colour to 256 colours),
the file will create a palette of colours and use combinations
of these to simulate the original colour of each pixel. The col-
ours in the palette will be derived from the colours in the
original image. Indexed colour files are much smaller and
easier to manipulate than 24-bit files and can provide a very
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good colour approximation if the number of colours in the

SHADES VERSUS BIT DEPTH original is limited. Indexed colour images are widely used
1bit 2" 2 shades (B or W) for multimedia animation applications. Another common rea-
2bit 2* 4 shades son for changing the mode of an image — from RGB to
4bit 2° 16 shades Greyscale — would be to preview the work before printing to

8 bit 2% 256 shades .
T6bit 2% 65 536 shades a monochrome printer.

24 bit 2% 16 777 216 shades Monitors and graphic display cards vary widely in their
capacity to display colour. At the most basic level, a mono-
chrome display and its card can only vary the moving spot on the screen between black or
white, displaying a 1-bit image. A low-end colour monitor/card combination can display im-
ages 8 bits deep, i.e. made up of 28 or 256 colours. Moving up the range, an image which
approaches ‘photorealistic’ colour requires 8 bits of information for each of the three primary
colours, red, green and blue, making it 24 bits deep. If converted to CMYK format, the same
image becomes 32 bits deep, as 8 bits are required now for each of four colour channels.

Colour models

Each device type is associated with a specific colour space — an imaginary three-dimen-
sional space enclosing all the colours which the device is capable of reproducing and defined
by means of a coordinate system. There are several digital colour models which can be used
to define these colour spaces. Such models, which, like colour matching systems, are sup-
plied with most drawing and painting applications, provide an interactive means for the
designer to explore colour space and to specify colours for a project with great accuracy. Two
of them (the RGB and CMYK models) also describe the means by which mechanical devices
reproduce colour.

The RGBmodel

An additive colour model in which three primary colours of light (red, green and blue)
are combined in varying intensities to produce all other colours. An additive colour model is
used for any colour system which mixes light to generate colours, including monitors, desk-
top scanners and film recorders.

RGBmodel

CMYK model

%
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The CMYK model

A subtractive colour model producing colour when light is reflected off an object or
surface. The reflected light determines what colour we see when we look at that object. A
perfectly white surface reflects all wavelengths of light. A black surface absorbs all wave-
lengths. The three primary colours in the subtractive colour model are cyan, magenta and
yellow. In theory, combining all three primaries produces black. In practice, impurities in the
ink pigments degrade the black to a muddy brown, as mentioned earlier. To resolve this,
black is added to the model. The K designation represents the black component of the CMYK
model. This is the model used for colour systems which use reflected light to generate col-
ours, including desktop printers and the printing presses.

The HSB model

This mode approximates the way in which the human eye perceives colour. Colour is
defined by three components — hue, saturation and brightness. Hue refers to the name of the
colour, for example red. Saturation defines the intensity of the colous, i.e. how vibrant the
colour is. Brightness defines the lightness or darkness of the colour.

The HLS model

Similar to the HSB model, the HLS model contains three components — hue, lightness
and saturation. The lightness component is similar to the brightness component in the HSB
model. Hue and saturation are the same as in the HSB model.

L*a*bmodel

Based on the original CIE (Commission Internationale de 'Eclairage) model, the L*a*b
model is based on the way the human eye perceives colour. It contains a luminance (or light-
ness) component (L) and two chromatic components — the ‘a’ component (green to red) and
the 'b” component (blue to yellow).

4 ‘|‘
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HSB model HLS model L*a*bmodel

27




Digital Colour in Graphic Design

I
I (o W
e
| (i | ||
WEEEC
N
W
Simimie | | (sm
EEEET T

Custom Palette

Colour blending dialog box

gl

Colour mixing palette

The digital palette

For many centuries, a tedious but essential part of the
preparation of the traditional artist before beginning a new
project was the mixing of paints, from the limited number of
pigments available. Once mixed, the colours could be applied
directly to the canvas or other medium selected for the work
in hand, or could be first blended, lightened or darkened on
the surface of the artist’s palette. Testing how a colour, or blend
of colours, would appear on canvas was a simple matter of
applying paint to a test sample.

By comparison, the digital artist is spared the tedium of
mixing colours and enjoys the advantage of having literally
millions of choices, selectable from any of the colour models
described above. Specific colours selected from any of these
models can also be stored on a custom palette which can be
saved with the project in which the selected colours have been
used; this ensures ready availability of the correct colours if
further work on the project is necessary, or if the same colour
set is required for use on a related project. Such palettes can
also include selected spot or process colours dragged from
any of the colour matching systems described below, as well
as colours mixed using either a colour blender or mixed by
hand. While the colour blend is limited to a maximum of any
four colours in the blend, the mixing area is unlimited in the
number of colours used. The mixing area emulates an artist’s
palette on which colours can be blended using a brush tool.
By varying the blend setting in the mixing area, extremely
subtle variations in colour can be achieved. Any bitmap can
be loaded into the mixing area, permitting further choice of
colours from photographs or drawings.

For projects being composed for the screen — for exam-
ple, those to be transmitted via the Internet for viewing on
the screens of other users — the designer can be reasonably
confident that the colours seen on the screens of the other
viewers will closely approximate those used to create the origi-
nal (such variations that do occur will be caused by slight
variations in phosphors used by different screen manufac-
turers, variations in brightness and contrast adjustments from
screen to screen, variations in background lighting conditions
and so on).

For projects being composed for printing to a desktop
printer, or for separating and printing on a four colour offset
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press, the situation is very different. As we have seen, within
the digital publishing process, colour is device-dependent,
i.e. the output colour at each stage of the process depends on
the device (scanner, monitor, printer, or press) which produces
it, and device colour output is based on different models
(scanner and monitor colour output being additive, while
printer and press colour output are subtractive). To make
matters worse, the devices involved have progressively di-
minishing colour-reproduction capabilities. The human eye
discerns a wide colour spectrum, while a colour monitor dis-
plays only a fraction of those colours, and a desktop printer
or printing press reproduces even fewer. The colour gamut —
the range of colours which can be reproduced - of each
device is provided by the manufacturer in a file called a de-
vice profile. Colour publishing, therefore, presents the
designer with something of a challenge!

Fortunately, help is at hand and the challenge can be
- met in different ways, depending on the nature of the design
project, by using colour matching systems and/or colour man-
agement systems, which are explained below.

Colour matching systems

Spot colours

The principle behind colour matching systems is most
easily explained by using a simple example like spot colour.
Spot colours are opaque printing inks created by ink manu-
facturers like Pantone in an assortment of hundreds of pre-
defined, pre-mixed hues. The designer (and client, where ap-
propriate), can select spot colours to be used in a project from
a swatch book of samples provided by Pantone. The designer
then simply selects the agreed colours on screen from a pro-
prietary Pantone Spot Colour Matching System (supplied
with most drawing or painting applications). By selecting and
assigning a spot colour (e.g. Pantone 507 CV) to elements of a
composition and by specifying the corresponding Pantone
507 CV ink for colour printing the same elements in the final
work, the designer can be assured that the colour will print
as it appears on the swatch, regardless of how it appears on
screen or on the output of a proofing desktop printer. (Note
that the palette dialog box displays the CMYK values corre-
sponding to the spot colour selected, which implies that the
same result could be achieved by four colour printing, but
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overlaying opaque spot colours can produce unpredictable
results and is not recommended.) Once a spot colour is se-
lected in the palette dialog box, a tint of the colour can be
selected by choosing a percentage in the Tint window. The
range of spot colours includes some — e.g. gold or silver -
which could not be reproduced by combining the four basic
CMYK inks.

FOCOLTONE is an alternative spot colour system which
provides a range of spot colours built from the process col-
ours, cyan, magenta, yellow and black. The colours in the
palette are organised so that the user can easily choose pairs
of colours with at least 10% of a process colour in common,
minimising the need for trapping and making it an ideal sys-
tem to use for colour separation.

Process colours

Process colour is the collective name given to those col-
ours which can be created by combining the four standard
printing inks — cyan, magenta, yellow and black. Process col-
our inks are largely transparent, incident light passing
through them and then reflecting back off the paper into the
eye of the viewer. This transparency is what makes four col-
our printing possible and predictable. Like spot colours, pro-
cess colours can be pre-selected from a paper swatch and then
specified by the designer, using a process colour matching
system. When a colour is selected from the Pantone System
palette — e.g. Pantone 5146-2 — the CMYK percentages which
will be used to print the colour are displayed below the col-
our name. Other proprietary colour matching systems based
on process inks include the following.

TRUMATCH (the palette of which organises colours ac-
cording to the principles of the Hue, Saturation, Bright-
ness model)

DuPont’s SpectraMaster, with colours based on the L*a*b
colour space, printed by means of colours available through
the DuPont solid colour library

Toyo, which consists of colours available through the Toyo
Colour Finder system. These colours are defined using the
L*a*b colour space and are shown as CMYK for display.
The colours offered include those created using TOYO
process inks
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Dainippon’s DIC palette, which is arranged into catego-
ries — gay and brilliant, quiet and dark, greys and metallics,
basic — available through the DIC Colour Guide and cre-
ated by mixing DIC brand inks

So, when the designer is preparing a four colour print-
ing job, specifying colours from a process colour matching
system will ensure that these colours print as expected dur-
ing the subsequent print run. The use of specified process
colours ensures that a chosen colour is never out of gamut
and helps to ensure consistency of colour reproduction within
a publication and from one publication to another.

Colour management

While a colour matching system gives the assurance that
selected colours will print correctly on an offset press, it does
nothing to help with the problem of those colours appearing
quite differently on screen or when printed from a desktop
proofing device. Neither does it do anything for the accurate
colour reproduction of bitmapped images — e.g. scanned pho-
tographs or images created in a painting program - to be in-
cluded within a project. A desktop system typically includes
a scanner, a monitor and one or more printers. As stated ear-
lier, these devices do not reproduce colour consistently from
one to the next, each device reproducing or displaying a lim-
ited set of colours called its colour gamut. Also devices from
different manufacturers will display different colours for the
same digital colour data; even two devices of the same model
may display subtle colour differences using the same colour
data.

Colour management systems

Colour management systems are designed to address
the problem of device variability, adjusting the colour rela-
tionships between devices to ensure consistent colour
throughout the publishing process. A CMS translates colours
from the colour gamut, or colour space, of one device into a
‘neutral’ device-independent colour space, and then fits that
colour information to another device’s colour gamut by a pro-
cess called colour mapping. The CMS obtains the colour char-
acteristics of each device from its device profile. In one
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A loupe - useful for close inspection of
printed colour

Scanner target sheet

method, the relationship between colours is preserved as they
are shifted into the device’s colour gamut. In another method,
only the out-of-gamut colours are replaced by colours that
the device can produce, without preserving the relationships
between the colours.

Profiles for the most popular devices are usually sup-
plied with the CMS software and those matching the devices
on the user’s system are installed at the same time as the CMS
software. Profiles for other devices are usually supplied with
the device installation software. Manufacturer’s device pro-
files are based on a particular set of calibration settings for a
given device. To use a colour management system effectively,
devices first have to be calibrated to match the expected
performance defined in the device profile. The quality of the
final result depends on how well the devices match their
profiles.

Calibration

There are various methods and techniques used for
calibration of devices, the necessary instructions and software
often being bundled with a CMS or with individual applica-
tion programs. The following provides an overview of the
calibration process.

Since a scanner’s light detectors are affected by
prolonged use, the RGB output signals will vary over time,
affecting colour balance and linearity. This means that up-
dating the scanner’s profile is needed, from time to time, by
recalibration of the scanner. Scanner calibration requires a
target sheet of colour swatches and a data reference file, both

supplied by a vendor. The target sheet is

Contrast (Gamma) first scanned to produce a TIFF file of the

scanner’s output, and software then com-

Caolar Temperature

I
0|

Hed Green  Blue

Lk
' 7 pares the values in the TIFF file with the
; | ; l values in the data reference file. Any dif-
: : ferences which are detected are then used
[ T to update the profile for the scanner.
) ) Like the output of CCDs in a scanner,
the output characteristics of a monitor’s
phosphors can change with time. Monitor

— output is also subject to a second set of vari-

I ........... Reget [ . o

- ables related to environmental conditions,

s o like the characteristics of ambient lighting.
Monitor calibration dialog box Calibration of a monitor involves adjust-
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ment of the gamma values for red, green and blue, and the
white point value. The chromaticity may also need to be ad-
justed, but this is generally not required. Adjustments can be
made by sight, comparing output to a target photograph, or
can be made with the use of measurement devices such as a
colorimeter or a spectrophotometer.

During normal use, the output of a printer will vary as
colorants — for example, inks or toners — are consumed. Col-
orants also vary slightly in their purity from batch to batch.
To compensate for these factors, occasional recalibration of
the printer is needed to keep its profile up to date. The sim-
plest calibration method involves printing a target file and
scanning it through a calibrated scanner, providing the infor-
mation needed to update the printer profile. A more accu-
rate method involves printing a target sheet and then meas-
uring each colour swatch on the sheet with a spectropho-
tometer. The results, which are typed into a measurements
file, are used to adjust the TAC (Total Area Coverage) and K-
curve (black Keyline curve). Software controls adjust the
amount of ink transferred to the paper (TAC) and the amount
of grey component replacement or undercolour removal (K-
curve shape).

The work environment

The way colour appears on a monitor or on the output
from a proofing printer is influenced by factors in the work
environment. For average, day-to-day colour projects, these
factors are not critical, but if high quality, accurate and con-
sistent colour reproduction is to be assured, then certain pre-
cautions need to be taken.

The walls and ceiling of the work area should be painted
in a matt, neutral coloured emulsion such as pale grey to
minimise any interference by the background with the
perception of either monitor colour or printed colour.

Ambient lighting should be controlled. Changing sunlight
through windows will change the way colours appear on
screen. Artificial lighting — ideally 5000 K lighting — pro-
vides a more consistent ambient, eliminating the yellow
cast from normal fluorescent lighting. The light intensity
should be comparable with that of the monitor.

Operating systems for the PC or the Mac permit the use of
patterns and bright colours on the virtual desktop. Use of
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these should be avoided as they may interfere with accu-
rate perception of the colours in a working project.

Installing a colour management system

CorelDRAW's CMS Wizard provides
help with the calibration process

Scanner calibration

Monitor calibration

The simplest procedure for installing a CMS involves

simple step-by-step guidance such as that provided by Corel’s
CMS ‘Wizard’'. Prompted by a series of Wizard screens, the

user has only to respond to step-by-step guidance:

Choose one from three alternative colour mapping meth-
ods. (i) Photographic mapping which maintains the
relationship between colours and is recommended for
printing photographs and illustrations with continuous
tone, (ii) Saturation mapping which expands or contracts
the source gamut to fit the destination gamut and is rec-
ommended for printing business graphics, (iii) Automatch,
which automatically detects the type of image to be printed
and selects Photographic or Saturation mapping accord-
ingly.

Choose a scanner profile from a dropdown list to match
the scanner in use. The scanner profile is needed so that
the CMS can measure the variance between the scanner’s
output and a set of fixed reference values. This is essen-
tially software calibration of the device to a standard.

Choose the appropriate monitor manufacturer and model
number from the lists displayed in order to select the cor-
responding monitor profile.

Finally, choose the appropriate output printing device from
a list displayed to set up the correct printing profile. After
this final choice is made, the CMS proceeds to set up a
system profile based on the choices made.

In circumstances where more than one scanner or more

than one output device is being used, different system pro-

Printer calibration

files can be created for each combination. The appropriate
profile is then selected at the start of each new project. After
creating a publication using a CMS, original photographs,
proofs and the final printed publication can be used as refer-
ences to assess how well the process has worked and to indi-
cate the need for any further fine tuning. (At each stage of
the process described above, the CMS provides interactive

means of making adjustments to the individual device
profiles.)
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CMS and Kodak Photo CD

: e |
One of the most important sources of e -

Targets

high quality photographs for use by the
graphic designer is the Photo CD, which is
based on a process developed by Eastman
Kodak. The process converts 35 mm film nega- | o

Image I \COREL

Sowrce

tive or slides into digital format and stores
them, in the Photo CD Master format, on a - W=
CD in arange of five different resolutions (the m_J

Dasunanon Adobe Fhotoshop HG

oK

Cancel

Image Into

Photo CD Master Pro format has six) ranging

from Poster size — 2048 3072 pix els — through - Kodak Photo CD dialog box

Large (1024 1536 pix els), Standard (512 768

pixels), Snapshot (256 384 pix els) to Wallet (128 192 pix els).
Using a utility such as Corel’s Photo CD Lab, once an image
has been loaded into a viewing area, it can be “pre-processed’
by making selections from a menu covering rotation angle,
resolution, number of colours and format, e.g. BMB EPS, PCX
or TIE

Because of the popularity of the format, many applica-
tions now include a CD reader which can access Photo CD
files directly. In the Picture Publisher reader, for example, a
dialog box allows specification of parameters for the image
to be opened. The Corel reader provides two alternative
colour correction methods — Gamut CD and Kodak - to per-
mit colour correction to a Photo CD ROM image before im-
porting itinto PHOTO-PAINT or Core]lDRAW. GamutCD uses
gamut mapping to enhance the colour fidelity and tonal
ranges of the image which ensures that the colours in the
image can be reproduced by a printer. Kodak Colour Correc-
tion allows adjustment of brightness, contrast, colour tints
and colour saturation.

Before importing a CD, most readers provide the
option of applying colour management to the image to en-
sure that it will print correctly to the specified output device.
Many Photo CDs come with a device profile for the scanning
device used to create the bitmap images on the Photo CD.
This profile should be specified as the CMS source when
importing.
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Applying colour

As we have seen, digital designers and artists have at their disposal a vastly greater
choice of colours than were available to their traditional counterparts. As the earliest digital
applications emerged, the objective of the developers was to provide tools and techniques
which allowed application of colour in ways which mimicked the traditional pencil or pen,
the only variation possible being the thickness of the stroke. From these early beginnings,
the ingenuity of developers — and the healthy competition which exists between them - has
extended the range of tools and techniques dramatically in the matter of only a few years, as
the following summary shows.

Applying colour in drawing applications

Lines

After using a line tool to create a straight, freehand or Bezier line and setting its width,
colour can be selected from any of the spot or process colour matching systems described
earlier or indeed from any of the colour models or mixers. Using the HLS model, tints,
shades or tones can then be applied. Macromedia Freehand makes the job of selecting tints
even easier by providing a convenient tint option within its colour mixer box; the tint re-
quired can be applied by simply be dragging and dropping the required tint swatch on to
the line to be tinted. As well as providing means for colouring and tinting lines (a specific
tinting dialog box is provided for Pantone spot colours), Micrografx Designer also allows the
application of vector hatching, gradient, bitmap textures or object line fills to any line.
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Freehand’s Color Mixer Freehand's Spot Color Ficker Designer’s Line Fill dialog box

Fills

As with lines, any closed shape can be filled with solid colour selected from a matching
system, model or mixer; tints, shades or tones can be applied if required. In addition,
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CorelDRAW provides fill options in the form of two col-
our bitmap patterns, full colour bitmap patterns, vector
patterns, textures, gradients or PostScript fills, but the de-
signer has to be aware that these fills do not rotate with
the object filled. Micrografx fills — as described for lines
above — do rotate when the object filled is rotated. Free-
hand provides a selection of patterned, graduated and
PostScript fills, but only the graduated fills rotate with the
object; additionally, Freehand provides a tiled fill using
any object copied to the clipboard as the basis of the tile.

Blends

Colour blends can be created between open or closed
paths, using the same fill and stroke type for each path.
For example, a path using a graduated fill will not blend
with a path using a radial fill. It is important to use a valid
colour combination; if two spot colours or a spot colour
and a process colour are blended, intermediate colours
will print successfully on process colour separations. Choice
of the number of steps used in a blend depends on the
printer resolution (higher resolution, more steps) and on
the colour change between the two selected paths. As well
as being useful as a technique for transforming one object
into another, blending is a very effective way of creating
‘spot” highlights and shadows to give objects depth.

Applying colour in painting applications

Lines

Before a line is created in a photoediting or painting ap-
plication, using any one of a variety of line tools, colour is
first selected from any of the spot or process colour match-
ing systems or colour models described earlier. Alterna-
tively, a scratchpad - such as the one provided with
Photoshop - can be used for mixing a custom colour be-
fore application. Using the HLS model, tints, shades or
tones of a hue can be can selected before application.
The opacity of a stroke can also be defined by adjusting
an opacity slider. Using a pressure sensitive stylus, pres-
sure can be set to control stroke width, colour or transpar-
ency, or a combination of these, creating strokes with
smoothly changing properties.
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Brush Style

) o

——

Painter’s Brushes

=
SetColors| Save ||
_Done |

Experimenting with
brush looks in Painter

Applications like PHOTO-PAINT and Picture Publisher
offer a wider range of stroke types for applying colour than
does Photoshop. Picture Publisher, for example, includes
styles like Brushed Oils, Chalk, Colorizer, Crayon, Distort,
Dots, Marker, Oil Pastels, Oil Paint, Scatter, Smudgy Marker
and Watercolour, but the application offering the graphic
artist the widest range of colour application styles is still
Fractal Painter. As well as emulating the widest range of
drawing and painting tools, Painter makes it possible to
apply colour and texture simultaneously to the working
surface. A range of variables can be applied to the tools to
produce a wide range of different effects. A dialog box
contains sliders for control of brush size, opacity and per-
centage ‘graininess’ of each stroke. Another Painter dialog
box provides the means of creating and saving special
brushes. Using Painter’s Nozzles feature, it is even possi-
ble to paint with images!

Painting with images—in this case, the image of a leaf

Fills

A standard Fill tool provides the means of flooding a
bounded area with any of the range of colours, tints, tones
or shades selected, in the same way as for lines. The bound-
ary of the enclosed area can be created with a pencil or
brush tool, or defined by a mask. Reducing the opacity
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setting before applying a fill to an object allows underly-
ing objects to show through. Gradient fills are also offered
by most painting applications. Photoshop provides several
options — linear or radial fills from foreground to back-
ground colour, with controls to adjust the gradient mid-
point (linear fill) or offset (radial fill) as well as clockwise or
counterclockwise gradients between two points on the
colour wheel.

More complex gradients can be created in Photoshop, of
course, by joining two or more two colour gradients back
to back, but some applications, like
MetaCreations’ KPT Gradient Designer or
Painter, provide a library of more complex
gradients which can be used as they are, or
edited, using tools provided. Using an inter-
esting feature provided by Painter, an image
can be filled with a gradient in such a way
that the image’s luminance values are re-
placed by the gradient’s luminance values.

.M[ tu-m y_.cmr

mx_@;u___@
Type (ol _T8)

Adjusting gradient options in
Photoshop

Painter also allows the user to create new gra-
dients by capturing colours from an existing
image — e.g. a photograph of a sunset — or by

using a range of colours produced with Paint-

er’s tools and colour sets.

Painter’s Gradient fills Linear sepia gradient applied using image luminance in Painter
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Pamel P

Selecting Weaves in Painter
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Painter’s Patterns

Medical research shows that
creative brain activity occurs
in the right hemisphere of the
brain

In addition to colour fills or gradient fills, some applica-
tions provide the facility to fill specified areas with pat-
terns or textures. Preset patterns may be provided via a
menu, like that of Painter’s Weaves or Picture Publisher’s
Textures, but more often the user selects an image or part
of an image, using a mask to create a pattern ‘tile’, and
then fills a specified area with tiles.
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1. Defining a tile in Photoshop

2. Painting with the tile

Colour combination techniques

The effects which can be produced by the various line
and fill tools described so far in this section on applying col-
our have parallels in the realm of traditional graphic design
and are largely intended to allow the digital designer to mimic
the traditional style of working. The use of colour combina-
tion techniques, on the other hand, represents a crossing of a
boundary into the domain of digital manipulation, in which
the intrinsic properties of digital colour are exploited to pro-
duce effects which would be difficult or even impossible to
achieve by traditional methods. While the design process pre-
dominantly takes place on the right side of the brain - the
creative side — certain aspects of digital design, such as the
use of colour combination techniques, requires also the use
of the left, or logical, side. Each pixel in a composite RGB col-
our image is defined by the values assigned to each of its three
channels, with these values varying between 0 (black) and
255 (white). It is the ability to alter the values in these chan-
nels in a precisely controlled way which opens the door to a
range of new possibilities.

By applying mathematical ‘operations’ to the channels
in an image, the way in which the applied colour interacts
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with the underlying colour can be controlled. In Picture Pub-
lisher, for example, these operations — called Merge Modes —
allow the user to combine, or mix, colours using additive or
subtractive colour theory. An image can also be changed se-
lectively according to hue, saturation, or lightness, while other
modes make modifications to the red, green, or blue channel
of an image.

Using the Additive mode, the applied colour is mixed with
the underlying colour according to the additive colour
model. Painting a green image — R(0), G(100), B(0) — with
a blue brush — R(0), G(0), B(100) — produces cyan in the
image — R(0), G(100), B(100) — as a result of the additive
mixing of green and blue.

Using the Subtractive mode, painting on a cyan image with
a magenta brush produces blue, according to the
subtractive colour model.

The If Lighter mode is used to edit an image based on the
lightness values of the image and the lightness value of the
applied colour. Lightness refers to the ‘L, or lightness value,
in the HSL colour model. If the applied colour has a light-
ness value equal to or higher than that of the image, the
applied colour is transferred to the image. If the lightness
value is less than that of the image, no change occurs.

The If Darker mode is used to edit an image based on the
lightness values of the image and the lightness value of the
applied colour. If the applied colour has a lightness value
lower than that of the image, the applied colour is trans-
ferred to the image. If the lightness value is not lower than
the image, no change occurs.

The Multiply mode multiplies the value of the image by
that of the applied colour. The resulting colour is always
darker. The effect is analogous to placing a coloured trans-
parent film over the underlying image.

The Filter mode uses a combination of Additive and Multi-
ply to create a filtered effect.

The Difference mode subtracts the value of the applied
colour from the value of the underlying colour to produce
a new colour.
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AN EXAMPLE OF ADDITIVE
MIXING USING GREEN AND
BLUE
Creen R(0) G(100)B(0)

Blue R®) G() B(100)
Cyan RO}  G(100) B(100)
AN EXAMPLE OF SUBTRACTIVE
MIXING USING CYAN AND
MAGENTA
Cyan R}  G(100) B(100)

Magenta  R(100) G(0) B(100)

R(100) G(100) B(200)
-100 -100 -100

Blue R(O) G(0) B(100)

Multiply mode applied to
the right side of the image
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Creating texture on the right side of
this image using Texturize mode

Replacing the saturation value on the
right side of this image using magenta
as the applied colour in Saturation mode

Invert mode has been used to invert the
right side of this image

The Texturize mode converts the paint colour to greyscale,
then multiplies the greyscale value by the image colour.

The Colour mode is used to replace the colour of an
image with the hue and saturation values of the applied
colour, leaving the lightness value unchanged.

The Hue mode is used to replace the hue value of an
image with the hue value of the applied colour, leaving
saturation and lightness values unchanged.

The Saturation mode is used to replace the saturation value
of an image with the saturation value of the applied col-
our. Using this mode, painting with white or black (which
have zero saturation) alters the underlying colours to their
equivalent greyscale values.

The Luminance mode is used to replace the lightness value
of an image with the lightness value of the applied colour.

The Red mode is used to replace the red channel (using
the RGB colour model) of an image with the red value of
the applied colour. Only the red channel is affected.

The Green mode is used to replace the green channel of
an image with the green value of the applied colour. Only
the green channel is affected.

The Blue mode is used to replace the blue channel of an
image with the blue value of the applied colour. Only the
blue channel is affected.

The Invert mode is used to reverse the colours of an im-
age. A black-and-white image reverses to look like a photo
negative. A colour image reverses using additive colours.

PHOTO-PAINT provides a set of Merge modes, similar
to those of Picture Publisher, while Photoshop provides a set
of Mode Options, some of which are similar to Picture Pub-
lisher’s, while others differ, offering results sometimes diffi-
cult to predict, so that experimentation is recommended:

The Screen mode multiplies the inverse brightness values
of the pixels in both channels. The resulting colour is al-
ways a lighter colour.

The Overlay mode performs a combination of multiplying
and screening. Applied colours are overlaid on the exist-
ing pixels but the highlights and shadows are maintained.
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The two channel pixels are mixed to reflect the lightness
or darkness of the original colour.

The Soft Light mode multiplies or screens the pixels in the
two channels. It produces the effect of shining a diffused
spotlight on the image.

The Hard Light mode multiplies or screens the pixels in
the two channels. It produces the effect of shining a harsh
spotlight on the image.

Any of the above modes can be applied, by means of
editing tools such as a paintbrush or fill tool, to modify an
underlying image. Alternatively, they can be used when com-
bining two images to produce a third image. This is achieved
in Photoshop by selecting Calculations from the Image menu.
The effects produced by Photoshop’s Calculations can be sum-
marised as follows: When working with composite images,
Adobe Photoshop calculates the pixel values in each set of
colour channels and then combines them into a single chan-
nel in a third, composite, image. The combining process can
be applied while using any of the merge modes described
above.
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Colour editing

Colour editing techniques are found mainly in bitmap
painting applications, as these applications give the user ac-
cess to individual pixels within an image. The same is not
true of vector images, which are defined in terms of lines and
shapes; however, thanks to the ingenuity of software devel-
opers, even vector applications are beginning to offer colour
editing techniques, some of which are described below.

Colour editing in vector drawing applications

- Lenses

, CorelDRAW provides a number of ‘lenses” which can be
5 Ler ' used to create interesting colour effects.

Applying the Transparency lens to an object effectively fills
-@-’ the object with a tint of the colour selected in the Lens

dialog box, while at the same time making the object par-
tially transparent (transparency increases with the Rate
percentage selected in the dialog box).

B When the Brighten lens is applied to an object and the
o object is placed on top of another object or bitmap
T image, it brightens the underlying object to an extent de-
termined by the Rate percentage. Because of the accu-
racy with which vector objects can be drawn and posi-
tioned, this can be an effective method for moderating
the brightness of targeted parts of a bitmap.

CorelDRAW's Lens dialog box
The Invert lens works like the Brightness lens, but in this

case the colours in the underlying objects are inverted,
red becoming cyan, green becoming magenta etc. This
lens simulates the effect of a colour filter on a camera.

The Colour Limit lens filters out all colours under the lens
except black and the colour specified in the Colour dialog
box. For example, if a blue lens is placed over an object, it
filters out all colours except blue and black within the lens
area. The strength of the filter is set by the value specified
in the Rate box. A rate of 100% would only allow blue and
black to show through. A lower setting would allow tints
of the other colours to show through.

Applying the Invert lens

44



Wotking with digital colour

The Colour Add lens mixes the colours of the lens and
objects underlying it. v §

The Tinted Greyscale lens causes the colours of objects /
under the lens to be mapped from the lens colour to an : . / X
equivalent tonal colour of that lens. For example, a green : \ ‘“
lens over a light-coloured object creates light green, while
the same lens over a dark-coloured object creates dark
green.

ey

The Custom Colour Map lens maps underlying object col-

ours to colours using a colour range specified in the dialog Applying the Colour Add lens
_ box. The Heatmap lens maps underlying object colours to

colours in a pre-defined Heatmap palette, creating a (rather

garish) heatmap or infrared look.

Freehand’s Eyedropper tool

& ols MEEI
Freehand provides a tool which is very useful when a Botione
project requires matching colours from different sources, @ Arc.
e.g. matching the colour in line art created in Freehand / Eyedropper
with colours in an imported bitmap. Using the tool simply ©A Fisheye Lens.
involves dragging the required colour from the source to \$ 30 Rotation
the destination. ?:\1 Smudge
@ spiral
P PO Py . Freehand's Xtra Tools
B — § — &
Using the Eyedropper tool to drag a colour
from a bitmap into a vector star object
Colour editing in bitmap painting applications

Colour masking
Detailed and sophisticated editing of colour images is made
possible by tools which enable the user to select portions
of an image based on the colour similarities of adjacent
pixels. The Magic Wand tool, found in most bitmap appli- x\
cations, provides a simple way of achieving this. Using it
simply involves clicking the tool in the toolbox, entering a The ubiquitous Magic Wand icon

tolerance value in the Magic Wand Options palette (a low
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Setting the Magic Wand tolerance

tolerance value to select colours very similar in colour value
to the pixel clicked and a higher tolerance value to select
a broader range of colours) and clicking the target colour
in the image.

Photoshop’s Color Range command selects a specified
colour within a selection or within an entire image. A col-
our can be chosen from a preset range of colours, or a
selection can be built by sampling colours from the im-

— Selegt * Sampled Colers

= Sglection |mage

Selection Preview Mane

Fuzzimess 100

] age using the eyedropper tool in the dialog box. Alter-

natively, highlights, midtones or shadows can be-se-
lected. An initial selection can be modified by clicking
OK and then reopening the Color Range dialog box. In
the central window of the dialog box, Greyscale dis-
plays the selection as it would appear in a greyscale
channel, Black Matte displays the selection in colour
against a black background, White Matte displays the
selection in colour against a white background, while
Quick Mask displays the selection using the current
Quick Mask settings. The range of colours selected can

Photoshop’s Color Range dialog box
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Picture Publisher’s Color Shields

be adjusted by using the Fuzziness slider or by entering
a value in the Fuzziness text box. Increasing fuzziness
increases the range of colours selected. Plus or minus
eyedroppers in the Color Range dialog box can be used to
add or delete colours from the selection.

Picture Publisher’s Color Shield operates in a similar way
to Photoshop’s Color Range. Clicking the Color Shield
dialog button opens the dialog box shown, containing eight
‘shields’, each with its own colour range. Clicking the Color
Select button alongside the first shield activates it and dis-
plays an Eyedropper tool which is used to click the first
image colour to be shielded. Further colour ranges can be
added by sequentially clicking additional shields and se-
lecting additional image colours.

Once a colour range has been selected, it can be colour-
edited using a brush tool or fill tool and any of the colour
application methods described above.

In any masking operation, a challenge for the designer is
to produce changes which appear natural, without sharp
edges when the mask is removed. This can be accom-
plished by feathering the edges of the mask and Picture
Publisher’s Chroma Mask provides the facility to combine
colour masking and feathering operations. Using the
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Chroma Mask dialog box, areas of an image can be masked
as described for the Color Shield, while the Fade setting at
the bottom of the dialog box determines the smoothness
of the edges of the mask, creating a natural blending be-
tween the masked object and the background.

Corrective colour editing

The most common corrective editing task is the removal
of a colour cast from an image. A colour cast — an imbalance
between the red, green and blue components of an image —
can result from several causes such as photographing a sub-
ject under coloured lights or due to the fading of colours in
an old photograph by the effects of sunlight. An alternative
cast removal method provided by Photoshop is called Varia-
tions, which may be selected from the Image/Adjust menu.
Colour adjustments can be applied sequentially to a thumb-
nail preview of the image and assessed visually until an ac-
ceptable result is obtained. A cast can be removed by select-
ing the appropriate red, green or blue channel in the Levels
dialog box and adjusting the gamma setting. If a set of
images with similar casts is to be corrected, the dialog box
settings can be saved and reapplied to the other images.

Another common colour editing task is the removal of
‘red eye’ ~ the red colour which appears in the eyes of a pho-
tographed subject, caused by red light from the camera’s flash
being reflected from the eye back through the
camera lens. Usually, the part of the eye that
reflects red should be black and can easily be
corrected by choosing a high image magnifi-
cation and using single pixel sized editing
brush to paint the appropriate pixels black.
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Removingred eye

e Creative colour editing

Hue St F 3 As well as methods for correcting colour defects in im-
Pd [N | ages, bitmap applications provide a range of techniques for

I Colosies more creative colour editing. Picture Publisher’s Hue Shift
TR 3 command, based on the Hue, Saturation and Lightness (HSL)

, L e colour model, allows all the hues in an image to be manipu-
T T e lated. Hue is specified by a angular value ranging between 0°
and 360°, corresponding to the colours on the colour wheel.
Lighnses Sl % When an angle is specified in the Hue Shift dialog box, all
: : e hues in the image are rotated by the same amount, effectively
. i changing all the colours in an image. The dialog box also in-
| Beset | cludes sliders for adjustment of the saturation and lightness

of the image.
x~ntee Also using the Hue, Saturation and Lightness (HSL)
[ o ]_coms | colour model, Picture Publisher’s Hue Map command allows
e ; selected ranges of hues in an image to be changed. For this
e SR e P her purpose, the HSL colour wheel is divided into twelve ranges,
[ETT -]  cach range representing 30 of the 360 hues. A range is shifted
. T by moving its corresponding slider. Hue Shift is useful for
sldsdlaeeEm changing a single colour in an image without affecting other
colours. Hue Map can also be used to colorise a greyscale im-
| age; after converting the greyscale image to RGB mode, the
DB EEEEE skin area was masked (leaving out the eyes and mouth) and
' the Hue Map was opened. On the top and bottom of the sliders
are colour swatches. The lower swatch is the original hue,
while the upper swatch is the new hue. Setting the satura-
tion level to +20%, the first hue slider was dragged down
until the masked area became flesh coloured. The dialog box’s
Saturation and Brightness sliders were then used to make fine

adjustments.
The Colorize option in Photoshop’s Hue/Saturation dialog
box can be used to convert all the colours in the image to
the 0° point on the colour wheel (red), with a saturation of

K Ayto Preview

Picture Publisher’s Hue Map
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Using Hue Map to colorise a greyscale image

100%, while preserving the lightness value of

each pixel. Dragging the hue slider then cycle-s . - g

the hue around the colour wheel. For example, if o | et

the hue slider is dragged to 120° then the image |« [  Sewses o] Seei ]

takes on a green cast since green is the colourlo- |* L[ i el g8

cated 120° degrees in the clockwise direction from ; II:_ ' - — |

red. o= s :;’::
Monotones, duotones, tritones and ——

quadtones can be created in Photoshop. Photoshop’s Hue/Saturation dialog box

Monotones are greyscale images printed with a
single, non-black ink, while, duotones, tritones and quadtones
are greyscale images printed with two, three and four inks,
respectively. In these types of image, different coloured inks
are used to reproduce different levels of grey rather than to
reproduce different colours.

A typical offset printing press can reproduce only about
50 levels of grey per ink, therefore duotones are often used
to increase the tonal range of a greyscale image, using a black
ink for shadow detail and a grey ink for the midtone and
highlight areas. Duotones may also be printed using a col-
oured ink for the highlight colour, producing an image with
a slight tint and significantly increased dynamic range.
Duotones can be used to extend the range of graphic possi-
bilities for inclusion within a two-colour print job. Tritones
and quadtones may be used to introduce even greater tonal
range of a greyscale image or to add even more subtle
coloured tints. For the designer in a hurry, Photoshop also
includes an extensive library of presets which can be applied
to any greyscale image.
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Converting the monotone
image on the left to the tritone
image on the right using the
settings in Photoshop’s dialog
boxshown below

Duotone Options
Ispe: [ Tritone.
-y | . I
Ink 2 / . [PANTOME Process Magenta P
Ink 3 [PANTOME Process Cyan CY
[ —
Qverprint ‘Collm.h. - B |

Both Photoshop and Painter provide the means of adding the effect of coloured light-
ing to a composition. Photoshop provides sixteen different lighting presets, selectable from
the Style menu at the top of the Lighting Effects dialog box. Sliders are provided for adjust-
ment of the light intensity and spread, and clicking on the swatch to the right opens a colour
dialog box for selection of a colour for the light. Clicking the Preview button (bottom left of
the dialog box) shows the effect of the chosen light parameters on the image. An ellipse
shows the spread of the light and handles on the ellipse can be dragged to alter the light's
spread and position. Using the four lower sliders, the ‘properties’ of the light can also be
adjusted to relate correctly to the nature of the object or scene being illuminated.

The Gloss property determines the reflectance of the surface on which the light is shining,
varying from Matte to Glossy.

The Material property determines whether the light or the object colour has more reflect-
ance. Plastic reflects the colour of the light, while Metallic reflects the object colour.
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Applying Lighting Effects
in Photoshop

¥ Prevew

- d 0K I
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The Exposure property lightens or darkens the light, positive values adding light, negative

values subtracting light.

The Ambience property diffuses the light as if it were combined with other light in the
room, such as sunlight or fluorescent light. The slider varies the ambience from Positive
(increasing the effect of the light source) to Negative (diminishing the effect of the light

source).

The colour of the ambient light appears in the
colour swatch and can be altered by clicking on the
swatch. An additional light or lights can be added to
the scene by dragging the small lightbulb icon at the
bottom of the dialog box into the preview area. Once
positioned, the parameters of the additional light can
be adjusted as required. Quite complex effects can
be built up by using a combination of lights and by
using masks to control the areas of the image
affected.

Painter offers thirteen lighting presets,
selectable from its Apply Lighting dialog box. Each
light is represented in the preview window as a line,
indicating the direction of the light, with circles at
each end. Dragging the large circle moves the light
source; dragging the small circle changes its direc-
tion. An additional light can be created by clicking
in the preview area. Sliders provide control over
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TABLE OF FILE SIZE VS DFPI
(5 cm 5 cm image)

RGB  CMYK
72 dpi 60k 79k
150dpi 255k 340k
300dpi  1TMb 133 Mb
600dpi  4Mb  5.32Mb

1200dpi 16 Mb 21.3Mb

=

Opening an image in Picture Publisher
in Low Resolution mode

brightness, distance, elevation, spread and exposure of the
selected light. (Photographic principles apply to editing light-
ing. For example, if light intensity is increased then exposure
may need adjustment.) The Ambient slider controls the sur-
rounding light in an image. As in Photoshop, light or colours
may be changed by clicking on the appropriate colour swatch.

Working with high resolution colour
images

A standard feature found in both drawing and paint-
ing applications allows the designer to specify the size of the
‘page’ or ‘canvas’ before work begins and even to increase
the size while work proceeds. A very important difference
between the two types of application emerges, however, when
such a size increase takes place. The file size of a drawing
created at, say, standard A4 remains the same when the draw-
ing is scaled up to a new page size of, say, A2, since the math-
ematical information needed to describe the components of
the drawing are independent of size, and — even more sig-
nificantly — the resolution or sharpness of the drawing re-
mains the same when it is scaled. By contrast, the file size of
a colour A4 painting scaled to A2 size would increase by a
factor of four — in proportion to the area increase — as the
new size would require four times as many pixels to describe
it. Also, when a drawing image prints, it does so at the reso-
lution of the printing device, while the printed resolution of
a painted image depends on the resolution at which it is cre-
ated - the usual rule of thumb being to create the painting at
a resolution equal to double the line screen to be used for
printing, e.g. at 300 dpi for a line screen of 150 1pi. This differ-
ence in behaviour creates a major challenge for the designer
working with large colour bitmapped images such as scanned
photographs or paintings. Even an A4 sized RGB image
scanned at 300 dpi equates to a file size of 29.7 Mb. Manipu-
lating such an image on the screen and applying effects to it
— such as filters — is beyond the capabilities of the average
desktop system. Fortunately, however, help is at hand!

Even importing a multimegabyte colour image into a
painting program is a highly RAM-intensive process. To al-
low users with limited RAM to open large files, Picture Pub-
lisher offers a Low Resolution mode which allows the user to
open a TIFF image at a lower resolution than it was saved at.
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For example, an image to be used only as part of a screen
presentation can be opened at the resolution of the monitor
screen. Choosing the Low Resolution option opens a dialog
box for choosing the lower resolution. This dialog box dis-
plays the file size for each resolution chosen. Even when the
system is powerful enough to work with the full resolution
image, a low resolution version of the file can be used to test
general changes such as adjustments to hue and saturation.
Because the file resolution is low, processing such changes is
faster. When the required changes have been established, a
macro (a script file containing details of the change) can be
recorded and then applied to the larger original file. Low reso-
lution files also speed up the printing of a proof on a low
resolution printer, as a printer wastes processing time dis-
carding data above its resolution.

Applications which use the above Low Resolution option,
in which a 72 dpi file is used to represent the larger, high
resolution file, are often described as ‘proxy” systems. The
disadvantage of working with a proxy is that it is not possi-
ble to zoom in and examine effects at pixel level. In addition,
it is difficult to carry out precise masking work as the proxy
file lacks the detail of the actual file.

An alternative trick offered by Picture Publisher — called
FastBits mode — displays a preview representation of a TIFF
image from which the designer can choose a segment to open
for editing. The mouse pointer is first dragged to superim-
pose a variable size grid on top of a preview of the image
displayed in the FastBits dialog box. Clicking on a segment of
the grid opens just that part of the image corresponding to
that segment. When the image is saved, the segment - in-
cluding any edits — is recombined with the rest of the image.
Using this method, a large image can be edited step by step
on a system with limited memory. A macro can be used to
apply the same edits sequentially to different parts of the
image. The FastBits technique can also be used as an efficient
way to apply different effects to different segments of an
image.

While modes like those described above offer a way of
working around the problems of manipulating large colour
files, recent innovative applications like Live Picture and
Macromedia’s xRes take a more radical approach to the prob-
lem. Macromedia xRes, for example, offers two quite distinct
modes of working; in Direct Mode, which is used for images
up to about 10 Mb in size, operation is similar to that of
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Macromedia’s xRes allows the user to work on large images at low resolution and later render the changes at high resolution

conventional bitmap applications like Photoshop; in xRes Mode, which is used for images
greater than 10 Mb in size, the way in which images are created, modified and saved is quite
different, the processing principle used being analogous to that found in 3D applications, in
the sense that the time-consuming final rendering of an image is delayed until the design
operations have been completed.

To illustrate the principle involved, let us suppose that a Motion Blur filter is applied to
an image which is 4000 3000 pix els in size. In Direct Mode, the filter is applied immediately
to all pixels in the 12 million pixel image. In order for the processor to manipulate 12 million
pixels, it needs about 100 Mb of RAM. Even with sufficient RAM and a powerful processor,
the operation could take many minutes to complete (and in many cases would simply cause
the designer’s system to crash!). In xRes Mode, the filter is only applied to the pixels currently
visible on screen at the selected zoom level. For example, if the image is being viewed at the
1:8 zoom level and an area of 400 300 pix els is being viewed, the Motion Blur filter would be
applied only to 400 300 pix els, or 120 000 pixels in total — only 1% of the full 12 million pixels
in the image. Even with a small amount of RAM, the filter can be applied in just a few sec-
onds. If the image is now exported as, say, a TIFF file, xRes performs the processing it has
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delayed in order to produce the final file, applying the filter effect to all pixels
(a process described — somewhat misleadingly — as rendering).

In general, operations which would take many minutes to apply in Direct Mode take
only seconds to apply in xRes Mode, as the speed of the operation in xRes Mode is not depend-
ent on the size of the file. The selective processing used in xRes Mode achieves this rapid
speed of operation by requiring the system processor to do only the work necessary at the
selected zoom level and processing only the area of the image visible on screen. Use of xRes
Mode does not involve the compromising of a proxy system, as it is possible to zoom in to the
actual pixel data in order to evaluate the result of an applied effect. Editing, painting and
masking are all possible at single pixel level.

xRes’s LRG document format is designed specifically to address the problems of saving
very large files (larger than 10 Mb). The data within an LRG document is stored in a series of
tiles, making it easy to access the image data rapidly. When a file is converted into the LRG
format, up to seven different zoom levels of document are made at varying resolutions. Each
level is composed of several tiles of data.

By way of illustration, imagine a 4000 4000 pix el document converted to the LRG for-
mat. The lowest level of the LRG file is 4000 4000 pix els, the same size as the original docu-
ment and representing the 1:1 zoom level (although it is not an exact copy of the image as it
is arranged in rectangular tiles, as opposed to lines of pixel data). The second level in the
LRG file is 2000 2000 pix els, representing the 1:2 zoom level. This level is one-quarter of the
size of the original document. The third level is 1000 1000 pix els — the 1:4 zoom level — now
only one-sixteenth of the size of the original document, and so on up to seven zoom levels
ranging from 1:1 to 1:64. Organising data in this manner allows it to be processed selectively.
When an operation is performed, it is applied to only one of the seven zoom levels.

In the years ahead, we can expect to see further developments in methods of handling
large colour files efficiently. A consortium of companies, including Kodak, Hewlett-Packard,
Microsoft and Live Picture are working on a revolutionary technology called FlashPix, which
has already been demonstrated at computer shows. FlashPix is a highly optimised way of
handling graphics which allows the designer to load several 50 Mb-plus image files into an
ordinary Macintosh or Windows PC with standard disk and RAM, and manipulate them
rapidly and safely. The technology works by including in the file a number of versions of the
image, all at different resolutions, from a full photographic quality version with 16.7 million
colours down to a thumbnail used for previewing. The format is said to be capable of han-
dling the staggering number of 232 pixels, managed in tiles of 64 pixels each. The file also
accumulates all the edits made since the image was first created, allowing multiple levels of
undo and, because the changes made don't affect the original, screen updates can be made
quickly, as only a small part of the image needs to be recreated. When imported, only the
appropriate part of the file is loaded, so for display on screen only the 72 dpi image will be
used, while printing on a standard office laser printer would use the 300 dpi image, with all
edits applied.
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Summary

As we have seen in this chapter, working with digital colour presents disadvantages,
but also offers advantages, when compared with working in traditional media. Some of these
are listed below.

Disadvantages
Problems of maintaining consistency of colour from device to device (camera to scanner to
monitor to printer or press)
Limited colour gamuts of digital devices

Problems of manipulating large images

Advantages

Precision and consistency in specifying and replicating colours, shades, tints and tones
Range of colours to choose from
Ability to experiment on screen with different colours before committing to a final choice

Range of application methods — stroke types emulating oils, pastels, charcoals etc. and fill
types such as gradients, blends and patterns

Ability to combine colour and texture
Special effects such as use of lenses, modes, lighting effects, duotones etc.
Range of editing methods — colour masking, colorising, H/S adjustment etc.

Ease of importing and combining coloured objects and images

Only a few years ago, the hardware and software available to the digital designer could
produce only the crudest simulation of work done by traditional techniques, which had been
developed and fine-tuned over the centuries. Now, as we have seen, work is going on con-
tinuously to find ways of reducing or eliminating the remaining areas of disadvantage, while
the advantages multiply as the cost/performance of hardware continues unabated and the
ingenuity of software developers not only provides closer and closer emulation of traditional
methods, but also offers an increasing range of exciting colour techniques which are purely
digital in concept ~
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A removable Zip cartridge stores up to
100 Mb of data

A slide projector

nce a digital design has been completed
on screen, many output ‘routes’ are
available to the designer. If the design
is one of a number of alternatives be-
ing prepared for review by a client,
then the file containing the design may
simply be copied to a recordable me-
dium such as a diskette, a Zip cartridge
or a CD and mailed to the client for viewing. Alternatively,
the file may be attached to an e-mail message and be sent to
the client via the Internet. If the design is to be shown to an
audience at another location, the file may be output to an
image recorder, creating a 35 mm colour slide which can be
viewed using a conventional slide projector or it can be
copied to a laptop linked to an LCD overhead projector and
projected on to a simple projection screen or a convenient
office wall.

By far the most common output method is via one of a
number of different types of desktop printer, either to paper
or to transparency for use on a conventional overhead pro-
jector. Desktop printers come in a wide variety of technolo-
gies and prices, producing results ranging from crude to
photorealistic.

Desktop printing

As discussed earlier, printers use the subtractive colour
model to reproduce colour, mixing the subtractive primaries,
cyan, yellow and magenta, to produce other colours. Even
when a printer has been carefully calibrated and a colour
management system is used to optimise the match between
screen colours and printed colours, the results obtained de-
pend on the printer’s colour gamut — the range of colours
which it can reproduce, as defined in its device profile.

The ideal printing technology would be one able to emu-
late the traditional mixing of liquid paints in the proportions
necessary to produce the desired colour at every point on the
paper. Most available technologies are unable to do this. Cer-
tainly not the colour dot matrix printer, as the ‘ink’ is notin a
liquid form and is deposited on the paper by firing pins to
impress coloured ribbons against the paper. Similarly, colour
laser printers, which use dry coloured toners, have no means
of mixing the toners. Even inkjet printers, which use real
liquid inks, can either expel a minute droplet of ink at each
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position on the paper, or not, have no capability of mixing
the individual droplets. The same limitation holds true for
solid ink and thermal wax technologies, although recent
advances have produced a thermal wax printer which will
produce over 4000 colours by varying the amount of ink de-
livered to a given location, hence altering the size of the dot
produced. Only dye sublimation can genuinely produce a full
spectrum of ‘real’ colours by applying differing amounts of
each ink to the same point on the paper.

Most desktop printer technologies produce colours
within their gamuts by interspersing dots of cyan, yellow,
magenta and black in one of a variety of dither patterns. An
even mix of cyan and magenta dots, for example, will be per-
ceived (if the dots are small enough and the viewing distance
is great enough) as the colour blue in the eye of the viewer.
Reproducing subtle differences in tone using only a limited
number of colours can be achieved by using groups of dots to
represent different shades, but the limited number of dots
made available by the printer’s resolution (dots per inch or
dpi) makes this process imperfect. Low resolution results in
visible ‘banding’ as the printer driver switches from one whole
number of dots to the next, fractional numbers of dots being
impossible to produce.

In conventional colour printing, it is important to
understand that, in the process of simulating a particular
colour, the final resolution of the printed image is not the
nominal resolution of the printer (e.g. 360 360 dpi). This reso -
lution must be divided by the size of the dot groups used;
even a 3 3 grouping reduces the resolution down to a coarse
and ugly looking 120 dpi. Recent developments, however, in
this fast-growing market have pushed resolutions up to
1440 720 dpi. When combined with the development of new
printer drivers capable of more sophisticated configuration
of dot positioning, the result has been a significant increase
in quality.

Printer driver software

Printer driver software is becoming increasingly ‘intel-
ligent’, as vendors strive to make it easier for users to optimise
colour output. Intelligent driver technology is marketed un-
der a variety of names — Xerox’s Intelligent Color, Hewlett
Packard’s ColorSmart, Tektronix’s TekColorand QMS’s QColor,
for example. The basic principle behind these technologies is
that the contents of a page are analysed by the driver as it is
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Epson’s printer driver provides the user
with a high degree of control over how
an image will be printed
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being rasterised and the halftoning method and colour mode
are customised to the contents of the page. The most advanced
solutions can resolve individual text, graphics and bitmap
objects within the page and apply different optimised set-
tings to each. For example, a page containing text, a coloured
pie chart and a scanned photograph would have the text ren-
dered in solid black, the pie chart using amplitude modu-
lated screening and ‘vivid’ colour mode, and the photograph
using frequency modulated screening and ‘photographic’
colour mode. Fully featured driver software such as that pro-
vided with the Epson Stylus Colour inkjet printer also pro-
vides direct access to basic image editing controls and allows
selection from different colour management options.

Page description languages

Desktop printers print by depositing dots on paper, but
those dots can be configured in different ways within the
computer/printer subsystem. This is where page description
languages (PDLs) play an important role. The minimal type
of printer architecture is a nonintelligent device which sim-
ply outputs a bitmap that has been created by the host com-
puter. Such are the so-called GDI (Graphics Device Interface)
printers which are designed to work with Windows; the GDI
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commands used to display the screen image are directly con-
verted to bitmap form by the host PC, stored in the PC’s
memory and then sent to the printer for output. GDI print-
ers are relatively cheap, since they do not require processing
power or large amounts of internal memory, instead relying
on the power and memory of the host PC.

Page description languages (PDLs) such as Hewlett-
Packard’s PCL and Adobe’s PostScript use a completely dif-
ferent printing architecture. These high-level PDLs require
special drivers installed on the host PC to convert GDI com-
mands into PCL or PostScript code, which is then sent to the
printer, where an on-board processor decodes the data,
rasterises it (turns it into a bitmap which the printer can out-
put) and stores it in memory until the print engine is ready
to print the dots. This need for processing power and mem-
ory makes PCL and PostScript printers more expensive, the
trade-off being their ability to render complex pages contain-
ing graphics and multiple fonts more efficiently and - in the
case of PostScript — have much greater control over how the
output device renders pages. As ever, the best choice of print-
ing architecture depends on the kind of output being pro-
cessed. If output is mainly text and simple charts, then a GDI
printer is an acceptable choice, as it shouldn’t impose exces-
sive demands on the host PC. For general business documents
which contain some graphics, a PCL printer is perfectly ad-
equate, while for complex graphics and desktop publishing
work, PostScript is the preferred solution. PCL, the native
language of Hewlett Packard’s LaserJet family, has become
the industry standard for general office printers and is sup-
ported by virtually all PC and printer vendors, application
vendors and operating system vendors. PostScript is often
available as a firmware upgrade to mid-range PCL printers.

The mode of operation of the main desktop printer
classes is described below.

Inkjet

An inkjet’s printing head holds a central reservoir of
liquid ink connected via a tube to a matrix of microscopic
nozzles set in a square or rectangular array. These draw ink
from the reservoir by capillary action. Each nozzle is equipped
with an electric element which is controlled by the printer’s
central circuitry. When a current passes through the element,
it heats up, causing tiny bubbles to form in the surrounding
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Wax-coated
ribbon

Heating element

\V,A\(,h\/z

Thermal wax printing

liquid. As the bubbles merge, a droplet of ink is expelled on
to the paper’s surface. Expulsion of the droplet causes the
bubble to contract, drawing more ink from the nozzle. Graph-
ics or text characters are constructed by selectively activating
the nozzles as the head moves horizontally back and forth
across a forward-moving printing surface. Budget colour
printers use three such heads for cyan, yellow and magenta,
while more expensive products use an extra head for black.
The type of paper used makes a significant difference to the
quality of inkjet output. If the paper is too absorbent or
fibrous, the ink will be absorbed and will spread out. Most
manufacturers offer a coated paper which prevents this.

Thermal wax

The two principal components of a thermal printer are
its printing head, which stretches the entire width of the page
and its paper transport mechanism. Although employing an
application technique which is similar in principle to that of
a typewriter using a single strike typewriter ribbon, the ther-
mal wax printer is much more expensive; each wax-coated
ribbon can be used only once, regardless of how much of each
colour is applied. The ribbon, which has an area equal to that
of the printed page, is coated with alternate panels of cyan,
magenta, yellow and black, running parallel to the paper, and
passes from an input to an output cassette. The resultis good-
quality dithered output, producing vivid, slightly glossy col-
ours.

Thermal wax printing requires a bright white, clay-
coated paper to reflect the maximum amount of light back
through the translucent dyes. As the paper passes through
the printer four times — once for each colour - registration
problems can occur over time as the transport mechanism
wears. In a thermal wax printer, the printing head, which
stretches the entire width of the paper, is made up of hun-
dreds of tiny heating elements. As an element heats up, it
melts an identically sized dot of wax from the film backing
on to the moving paper below. Wax beneath the unheated
elements stays in place, leaving the underlying paper sur-
face clear. Once a page-sized colour layer of, say, cyan pig-
ment dots has been applied, the ribbon moves to the next
colour while the paper returns to its starting position ready
for the second coloured layer of dots to be added, and so on.
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Wax phase change

Another version of thermal wax technology is used by
the ‘phase change’ printer. Sticks of wax are heated to 140°C
and melted wax is fired at the paper from a head scanning
across the page, solidifying on contact with the paper, with
little spread. This is caused by the wax’s abrupt phase change
curve, the wax melting sharply above 140°C and solidifying
almost instantly below it. Colour density is good as the col-
our is dye based, rather than a pigment based. Printing takes
place in a single pass, minimising registration problems, and
running cost is relatively low as only the wax deposited on
paper is consumed.

Dye sublimation

Dye sublimation printers can vary the volume of dye
transferred to paper in 256 steps as well as the intensity of
the individual colour printed. The amount of dye released
from the film substrate is temperature dependent. The higher
the temperature of the head, the more dye is deposited. With
three or more dyes, the result is a true continuous tone im-
age of up to 16.7 million possible colours for each CMYK dot
deposited on a photographic paper which contains a quan-
tity of chemical fixer to complete the print process. The near-
photographic result is achieved in spite of a relatively low
resolution — usually 300 dpi. The down side to the excellent
results produced is that the dye sublimation printing process
is slow compared with other technologies and is also the most
expensive. It also costs the most to run — up to £4 per page.

Colour laser

Laser printing — a form of electrostatic printing — uses
the same imaging technology as the original photocopier,
although the optics involved in colour work are more com-
plex. Colour laser printing multiplies the original black and
white electrostatic process by a factor of four, with different
manufacturers using different techniques to implement the
imaging process. Canon'’s photosensitive drum, for example,
is imaged four times, while Xerox exposes a long photosensi-
tive belt with all four colours exposed on the belt end to end.
The latent images then pass under the corresponding toner
hoppers attracting toner on to the paper. Laser printer
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Photoshop’s layers show thumbnails of
the four CMYK images of which the
composite image (below) is composed

resolutions are typically 300 or 600 dpi. As the development
of toner technology continues, higher resolutions can be
expected.

Desktop proofing of colour separations

Proofs of colour separations can be printed on a black-
and-white desktop printer to verify that objects appear on
the correct separations and that colours overprint or knock
out as expected (see explanation of overprinting and knock-
out later). Colour separations should be proofed on a
PostScript printer, as non-PostScript printers cannot accurately
show how separations will image on a PostScript output

device.

To proof separations from DTP applications such as
Pagemaker on a PostScript desktop printer, the PPD for the
printer is first selected in the printer dialog box, Colour/Sepa-
rations is clicked and the inks to be used in the final separa-
tions are selected. Clicking Print causes the printer to output
a page for each colour selected.
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Commercial printing
Photographic colour separation

As we have seen earlier, the subtractive primaries cyan, yellow and magenta can be
combined to recreate all the colours of the spectrum. Therefore, in theory, it should be possi-
ble to print a full colour image just using cyan, yellow and magenta inks. To do this, it is first
necessary to separate the original image into its cyan, yellow and magenta components. This
can be done by photographing the image — e.g. a colour photograph — three times, through
filters which are the same colour as the additive primaries - red, green and blue. When the
image is photographed through the red filter, green and blue are absorbed and the red passes
through, producing a negative with a record of the red. By making a positive of this negative
we will obtain a record of everything that is not red, or more specifically, a record of the
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Cyan Magenta Yellow Black
The cyan, magenta, yellow and black separations of the apples image (opposite) used to create plates for CMYK printing

green and blue. The green and blue, as we have seen earlier, combine to produce cyan; there-
fore, we have a record of cyan. The same process is repeated for magenta, using a green filter,
and for yellow, using a blue filter. As each filter covers one-third of the spectrum we now
have a record, on three sheets of film, of all the colours in the original image. When the sheet
of film containing the cyan content of the image is placed in contact with a printing plate and
then exposed, it transfers the cyan content of the image to the plate; printing on to paper
with the plate, using cyan ink, then produces a print of just the cyan content of the original
image. Repeating the process with the yellow and magenta film and printing two further
passes using yellow and then magenta inks should, in theory, reproduce the original full
colour image. Unfortunately printing inks are not pure, absorbing colours that they would
not absorb if they were pure. For this reason, the printed image will appear ‘muddy’ unless
colour corrections are made on the separations to compensate for these ink deficiencies. An-
other problem with using just the three separations is a lack of density in the shadow areas.
To overcome these problems, a fourth, black, separation is made by using a yellow filter or a
combination of all three filters. The addition of black improves shadow density and overall
contrast.

When the printing plates are made, the four separations are screened at different an-
gles so that the halftone dots for each ink print in a symmetrical rosette pattern. Tradition-
ally, the cyan screen is printed at 105°, the magenta screen at 75°, the yellow screen at 90° and
the black screen at 45°. If one or more of the process inks are set to print at different angles, or
if the paper rotates slightly as it moves through the press, then the rosette pattern does not
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The four colour separations are screened at pre-defined angles
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Conventional printing angles for the four colour screens Resulting rosette pattern

Howtek Scanmaster drum scanner

Linotype imagesetter

print correctly and a moiré pattern appears, disrupting the
smoothness of the colour gradation.

When printed, the image is reproduced as thousands
of tiny dots laid down in thin layers of colour. The colour
perceived by the eye is determined by the size of the dots,
the manner in which they overlap, and their relation to one
another, i.e. the colours are produced not in the physical
mixing of the inks, but in the optical mixing of individual
colours by the viewer’s eye.

Most photographic colour separations are now made
using high precision colour scanners. The original image, or
a positive transparency of it, is placed on a drum, and a laser
light beam scans rapidly back and forth over it. The reflected
(o1, in the case of a transparency, transmitted) light is divided
into three separate beams which pass through red, green and
blue filters, activating extremely sensitive photocells. Depend-
ing on how much light the photocells detect, signals of
varying strength are sent to laser light generators, which auto-
matically expose a set of separation negatives by emitting pre-
cisely controlled bursts of light.

Digital colour separation

Many desktop applications now provide facilities for
colour separation. Using PageMaker, for example, spot and
process colour separations of a publication can be imaged
directly to a PostScript imagesetter using paper or film. When
Separations are selected in the Pagemaker’s Print Colour print-
ing dialog box, the information found in the PPD file for the
optimised screen option, and the angle and frequency fields
are displayed. One sheet of paper or film is produced for each
spot or process ink to be printed. A commercial printer then
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uses these separations to prepare plates for the printing press. Spot colours normally print at
the angle specified in the PPD (PostScript Printer Description file) for Custom Color, which is
usually 45°. Process colours normally print at the same angles as those evolved for the tradi-
tional separation process as described above — cyan 105°, magenta 75°, yellow 90° and black
45°

Due to the fact that imagesetters simulate halftone dots by grouping printer dots to-
gether in halftone cells, producing consistent angles at 75° and 105° can pose problems. A
number of vendors offer screening solutions to address this problem, notable among them
being Agfa’s Balanced Screen Technology and Linotype-Hell's HQS Screening and Rational Tan-
gent Screening